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P E E F A C E 



TO THE THIRD EDITION. 



A New Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within less than two years from the 
appearance of the last Edition, I have again been guided in 
making alterations and additions by the experience I have 
. gained of the working of the book with large Laboratory Classes. 
The rapid progress made by students who are not afraid of 
grappling with difficulties, and the sound and thorough analy- 
tical knowledge which they are able to acquire, in a much shorter 
time than formerly, have proved to me, that I have not over- 
taxed their powers. Nor have I done anything to encourage a 
belief that a knowledge of Chemical Analysis can be acquired by 
merely practising mechanically a few tests, without going more 
fully into the subject. Analysis forms, in my opinion, the key to 
a sound chemical knowledge. It calls forth more preeminently 
than any other study, the powers of observation and generali- 
sation. Habits of combination and close mental reasoning 
have to be cultivated in no mean degree. Being based upon 
facts, the verification of which experiment places within the 
reach of every one, any conclusion drawn from actual observa- 
tion can be speedily put to a practical test. As a means of 
mental training Chemical Analysis, if properly practised, cannot 
fail to take a foremost place in General Education. 

The methods employed in the present Work have stood the 
test of many years' practice. They are, I believe, well suited 
to promote accurate and expeditious work. A student who 
applies himself steadfastly to the study of Analysis, usually 
gets through the Course in about six months, and has time left 
to gain some practice, also, in quantitative Analysis during his 
first year's study. The foundation for this latter branch of 



VI PREFACE. 

Chemistry having been laid by the Qualitative Course, he has 
usually only to acquire the necessary manipulatory skill to 
conduct quantitative operations successfully. 

I still adhere to the opinion expressed in the Preface to the 
Second Edition, viz., that the usual systematic course of quali- 
tative analysis should not be unnecessarily complicated by 
taking cognisance of the reactions of the Earer Metals. I have 
therefore treated them, somewhat more fully than is usually done, 
in an Appendix, retaining as much as possible the individuality 
of the metals, and the classification which nature itseK has 
traced out for them. I trust that the additions which I have 
made will not impair the favourable opinion or damp the warm 
reception which the Book has hitherto enjoyed. 

The analytical Tables are now published also in a separate 
and less destructible form, printed on Messrs. De la Eue's parch- 
ment paper. 

Chemical Labobatobies, 
Science Schools, 
South KENsiNaTON, 
November^ 1874. 
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Chapter I. 

DEFINITION OF QUALITATIVE ANALYSIS. — RE- 
AGENTS. — CHEMICAL OPERATIONS. -- GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in tlie performance of certain experi- 
ments : — with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what hind of matter is present (from 
qtudis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered systematic order ; and that the answers should be inter- 
preted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non- metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view we 
attempt it, more or less difficult — a difficulty which extends likewise 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in FeCU (ferrous chloride), and in the 

r FeCl 
tetrad condition in < ji^pi' (ferric chloride), partakes in the dyad 

form of the character of the isomorphous diatomic metals of the 
magnesium group, e.g., manganese and zinc, and resembles in the 
tetrad form aluminium and chromium. Copper, which in its cupric 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the metals of the mercury 
group ;* the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of bonds, frequently show a certain analogy in their struc- 
ture as well as a considerable similarity in their reactions. In 

* H. Wurtz, Le9Jn8 de Fhilosophie chimique, p. 170. 
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studying the chemical changes to which the various bodies — elemen- 
tary or compound — can be submitted, our attention must be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

We employ reagents as the means of producing chemical changes. 
By reagents are meant bodies — either elementary or compound — 
which are capable of reacting upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes, viz., general and 
special reagents. General reagents are those which separate a number 
of substances — groups in fact — ^at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of hidividual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagente intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Chemical Operations. — ^We add a 
reagent to a solution of an unknown 
body either by pouring it directly from the 
bottle or by running it from a pipette, as 
shown in ¥ig, 1, with the view of producing 
a precipitate, i.e.y of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
hy double decomposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier thaii the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured off or decanted, 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli* 
cable. The procipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a procipitate, it is best 
to siphon off the supernatant fluid. The 
procipitate may be washed with water, and 
the wash- water siphoned off ropeatedly. 

Small quantities of a precipitate which 

do not subside readily aro moro quickly 

Fio. 2. separated by filtration. For this purpose 
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CHEMICAL OPERATIONS AND APPARATUS. 3 

niBiielfl are used, mostly of glasB, conical in ehspe, and inclined &t an angle of 60*. 
The; loaj be oonTenientl; supported on s wooden etaod, Fig. 2, or an iron or braes 
mterlilK SHUld as leen in Fig. 3. The llltcrlnc paper ahould be poroue and 
linsized, and cut in tile fonn of a round eheet, which hj being folded twice in 
the eliape of a quadrant, forma, on opening up, a psper oane, at an angle of 
60°. The niter should eiactly fit the funnel, without reaching quite to the 
rim, and ehould be moietened in the funnel with dietiBed water before anj 
liquid M poured through it. As most kinds of filtering paper contain traces of 
iron, lime, silica, etc., — with the exception of the eo^called Swedish fllterine 
paper, which contains scarcelj perceptible traces of mineral substances, — acid 
liquids f reqnenti J dissolre out traces of these bodies. In all accurate analyses the 
filtering paper should, on this account, be washed firet with dilute hydrochloric 
or nitrio acid, and then with hot water, before being used ) or ebe Swedish filter 
paper only should he employed. 

Host precipitates retain with great pertinacity traces of the fluid in which 
thej were suspended, and it is therefore of the utmost importance to thoroughly 
wash them in order to obtain accurate 
results. For this purpose a waak-bottle 
(F^, 3) is employed, whereby a fine jet 
of hot or cold diatUled water con be di- 
rected on to the filter in such a manner as 
to loosen and detach the precipitate from 
the paper. The liquid should at no time 
quite fill the filter, as some precipitates 
have a tendency to creep up and Ui get 
between the paper and the glass, and Ore 
carried into the nitrate. This would 
entail repeated filtration. The washing 
of a precipitate on the filter is effected 
most rapidly by allowing the wash-water 
to run off entirely each time before adding 
iresh quantities of distilled water. By re- 
peating this four or fire times, most pre- 
cipitates will be found sufficiently washed Fio. i. 
for qualitatiTe purposes. 

The student should guard himself agiunst Maine too large a quantity of the 
substance which he wishes to examine. Heavy precipitates entail much waehing, 
an operation which is most tedious and yet indispensable. 

Test tnkea answer the purpose of precipitation and separation in qualita- 
tive analysis, especially aa there is generally no need for collecting the wash-water 



CHEMIOAL APPARATUS. 



iijIi^HIIPIl' 



Fig. 5. 



or adding it to the main filtrate. These tubes are conveniently placed in a test- 
tube stand (Fig. 4). After being well cleansed by the aid of a test-tube 
brush, and rinsed out with distULed water, they should be set aside to drain in a 
basket. 

Beakers are sometimes employed if an analysis inyolves the separation of a 
small quantity of one substance from a large amount of another, and when, of 
necessity, large quantities of the substance must be operated upon. 

Porcelain dishes are employed for the purpose of concentration, or evapora- 
tion and ignition. They can be heated either by means of a spirit lamp 

(Fig. 6), or a so-called Berzellns lamp (Fig. 6), 
or, where coal-gas can be procured, by means of a 
Bunsen iras lamp, provided with a rose top. 
Sometimes a sheet of iron wire gauze or a sand- 
bath is interposed between the porcelain vessel and 
the gas flame, and is supported on a retort ring, 
or tripod stand. Illustrations of convenient tripod 
supports for porcelain and glass vessels, which 
prevent at the same time the flame from being 
blown about, have been given in my Introduction 
to Inorganic Chemistry. 

If solid substances have to be examined, they 
should always be powdered in a mortar — an 
agate mortar should be employed for hard sub- 
stances, such as minerals — before being dissolved 
in water, acids, &c. 

Beactions involving the use of valuable re- 
agents — such as salts of gold, platinum, silver — 
should be performed on watch-slasses, with 
small quantities of the substance only. 

For the Igrnltlon of precipitates we employ 
mostly porcelain crucibles, or small porcelain 
dishes. 

A knowledge of qnalitative analysis 
enables ns — 

1. To recognise with speed cmd certainty 
the presence of various elementary 
and compound bodies. 

2. To effect their separation from each 
other. 

In order to aceomplisli this we shall 
stady more particularly those chemical re- 
actions — ^both in the dry and in the wet 
way — ^which are essential; but shall endeavour, at the same time, 
to give as complete a view as possible of other chemical changes 
which serve the purposes of qtialitative analysis, and which on this 
and other grounds possess considerable interest. 

It is for many reasons desirable to confine the laboratory course 
at first to the study of the more important elements and their com- 
pounds ; we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which eflfect the separation of a 
number of bodies contained in a common solution, leaving all the 
others in solution. Such general reagents are then called growp* 
reagents. 
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Dissolye in water Bxnall quantities of 

Argentic nitrate* 
Cupric nitrate. 
Cobaltic 
Baric 
Potassic 
To the solution add — 

HCl, a white curdy precipitate is obtained, which consists of arnrentlo 
chloride, AgCl ; filter. To the filtrate add— 

SH2, a hlctcJc precipitate is obtained consisting of cupric sulpbide, OuS ; 
filter again, emd to the filtrate add«- 
AmCl, 
Am Ho, 

and 
SAm^. 

OOAmo3, a white precipitate is obtained^ consisting of baric carbonate, 
OOBao'' ; filter, evaporate the titrate and ignite to drive off the amnionic salts. 
A white saline residue is left, containing the potassic salt* 

What were the chemical changes that took place ? 

The changes were evidently produced hy the mutual exchange of 
elements m two bodies (cHanges by double decomposition) : i.e., the 
hydrochloric acid added in Gronp I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 



^ A hlacJSe precipitate comes down consisting of cobaltous 8alpbiilc$ 
^OoS ; filter, and to the filtrate add — 



NOaAgo 

ArgentiQ 
nitrate. 



HCl 



AgCl 

Argentic 
chloride. 



NO2H0. 



Cupric 
nitrate. 

Cobaltous 
nitrate. 

NO2 ^ 
Baric 

nitrate. 



SH. 



SAm« 



OuSt 

Cupric 
sulphide. 

CoS 

Cobaltous 
sulphide. 



2NO2H0. 



2N02Amo. 



OOAmoa « OOBao" + 2N02AmO. 

Baric 
carbonate.' 



Silver, copper, cobalt, and potassium are, however, not the only 
metals whicli might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metalHc bodies classify themselves on the addition of 
the several group-reagents. 

* Solutions of salts of the different metals containing five milligrammes of the 
metal in a cubic centimetre are conveniently prepared and kept for use. 

t It is immaterial whether we write SCu or CuS, since both sulphur and 
copper are dyad elements. 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thus far group-Teagents assist, ns in separating bodies, bat when, 
as in Group IV^ the white precipitate produced by the group- 
reagent, COAmo2, leaves ns s^ in doubt whether a barium, stron- 
-tium, or calcium oompoun^n^ present in the solution, further 
experiments must eviden|j|flpie made with a yiew of completely 
identifying the sub sjjjfiBB mder examination. This the student 
will only be able toyf^^^malatig himself first practically familiar 
with the different eiiBja/gea or reactions which the members of the 
* various ^oups of mjj^s can be ma4e to undergo : and after under- 

standing the use o^^B|rouj)-reagen%. he should direct his atten- 
tion to the specialrj^^^BjLi^^^c^ distmgwUh and separate one metal 
from another or frorri ^K^jt' others. ^^^hip may frequently be done 
in more than oneway ; we reaction,«)w;ever, as a rule, deserves 
the preference over others, on accouwi of the greater exactness 
which distinguishes fit,^c^r on account of increased facility of execu- 
tion, or of both. ;^ 

Certain reac^ioiva, lastly, will have to be studied, which are not 

directly available ior the separation of the members of a group 

from each ^other, but to which considerable interest is attached 

i as being illustrative of some valuable property or other of the 

metals. 

The tabular form, which is, np doubt, the most compact and 
summafjBmode of arranging chemical reactions, will ofben be adopted 
for embfgkji^ such itcdiable and expeditious methods of separation 
[ as havej^^Bhe test of experience in the laboratory. The direc- 

tions g^l^nll be concise and divested of all explanatory matter. 
On no aoRunt should a student use any tabular direction^, nowever, 
k without first having made himself practically acquainted with the 
details of the reactions ; and to counteract any pei'iuoieus influence 
which., the use of tables mijdit have, the student should learn to 
•' drsvw up tables for the several other processes of separation which 
V are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Group I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which ia attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 

The chemical nomenclature employed in this work is that of 
r Dr. Frankland. It will be found fuUy explained in my Introduction 

to liiorganic Chemistry. An experience extending now over several 
years has shown that it is l!itt.iiy mastered and greatly appreciated 
by students. lib is both comprehensive and logical, for it does not 
require one kind of formulae for inorganic and another for organic 
bodies, and it compties with the law of atomicity, observed for the 
dilEerent elementary bodies. The little o employed by Dr. Franklai^ 
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in writing the different componnd basilons radicals, such as Ho, Ko, ^^ 

Bao", Bio'", Al20^, etc., has tended occasionally to mislead beginners. ^KM 
It will be fonnd nsef nl in all such cases to practise writing these ^^^^ 
same radicals with a big O, and using the bracket, with the atomi- 
city indication placed outside the bracket, thus: — (OH), (OK), 
(02Ba)", (OgBi)^", (06Al2)^. We shall employ these formulae occa- 
sionally. Students have as a rule no difficulty in transcribing con- 
stitutional into empirical formulaB, a practice which may precede 
with advantage percentage calculations. 



Chapter II. 

REACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 



1. POTASSIUM, K. — Occurs in nature only in a few minerals, 
of which nitre or saltpetre is the most important. Potassium is 
present in larger or smaller quantities in a few silicates and sul- 
phates, such as felspar, alumstone. It is also found in the ashes of 
plants (crude potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

BEACTIONS IN THE DRY WAT. 

Potassium compounds, when heated on platinum wire in the 
inner flame of the blowpipe, impart a violet colour to the outer 
flame. 

This applies more particularlj to pota^ssic salts whicli are volatile without 
decomposition at a yery strong heat (such as potassic chloride, bromide, and 
iodide) or which are decomposed by heat ; but not to non-yolatile potassic salts, 
such as phosphates or borates, which give scarcely any flame reaction. The pre- 
sence of sodium compounds gives rise to an intense ffolden-yellow flame, and con* 
oeals the potassium reaction f but when seen through a blue glass, or indigo-prism, 
the yellow or sodium flame is entirely cut off, and the potassiun^ flame becomes 
distmctly risible, and is then of a inch reddish'tiolet colour. 

REACTIONS IN THE WET WAY. 

We employ a solution of potassic chloride, KCl. 
PtCU (platlnlc chlorlile) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of pota§slo 
platlnlc chloriae, 2KCl,PtCl4, insoluble* in alcohol and ether, as 
well as in acids. 

* The degree of solubility of a precipitate in different media can only be 
ascertained by laborious quatUitative experiments. Hie student will therefore be 
expected to verify only those statements respecting the «olubility of tha precipi^ 
l»tes which require no quantitative knowledge. 
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SODIUM. 9 

''OOHo 
CHHo (tartaric acid) precipitates white crystalline liydrtc potassic 

OHHo fCOKo 

.COHo tartrate, J OHHo ^. ». y a m • Lt ^ . ^ 

< CHHo* °^ neutral and sufficiently concentrated 

LoOHo 
solutions. The precipitate settles rapidly, espedallj on shaking or stirring. 

2HP, SiF4 (bydrofluo§lllcic acid) gives a white gelatinous precipitate of 
potassic silicofluoride, 2£F,SiF4. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerfol base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 



2. SODIUM^ Na. — Occurs in nature in vast masses, as rock salt, 
NaCl; as cabbonatb, in nati/ve soda, CONaogJOOHg, and in trona, 
CONao2,2COHoNao,30H2 ; as nitrate, in cubic nitre, or Chili salt- 
petre, NOjNao; as sulphatb or gloAiher salt, SO2Nao3,10OH2; as hibo- 
rate, B4O6Nao2,10OH2 ; as glauberite, S204Nao2Cao", and as cryolite, 
&NsiF,Al2Fe, and in many silicates, of which albite may be taken 
as the representative. All natural sodium compounds, with the 
exception of the last two minerals, are soluble in water. 

reactions in the dry way. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense grolden yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Some sodic salts 
are readily recognised by their characteristic taste, especially rock 
salt and cubic nitre. 

REACTIONS IN THE WET WAY. 

We employ a solution of sodic chloride, NaCl. 

Sodic salts are even more freely soluble than potassic salts 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
solutions only. 

SbOaKo (potassic metantimoniate) produces a white crystalline pre- 
cipitate of sodic metantimoniate from neutral or alkaline solutions, if they 
are not too dilute. The precipitate is insoluble in alcohol. (The solution ahmilH 
only contain alkah metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
^rom the metal sodium, and deserves the preference over potassic 
hydrate.* 

* TSie student who has not the advantage of attending a course of lectures on 
chemistry should make himself familiar, by reading a good Manual of Chemistry, 
with the properties of the various salts of potassium and sodium, also with the 
interesting processes of manufacturing sodic carbonate from the chloride j sodic 
fiilicate iwater-glass) j potassic chlorate, &c., &c. 
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3. AMMONIUM.— Am = NH4. 

REACTIONS IN THE DRY WAT. 

AmtQonio salts, when heated in a test-tube, Tolatllize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NKs. Salts of ammonium with volatile acids 
can be volatilised, either with decomposition, such as the nitrate, 
nitrite, sulphate ; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they 
sublime, and are found in the upper part of the test-tube. 

REACTIONS IN THE WET WAY. 

We employ a solution of ammonio chloride, AraCl. 

PtOl4 produces a heavy yellow precipitate of ammonlc platlnic 
chloride, 2AmCl,PtCl4* The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions) ; 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinum and 
pofjaissic chloride, Pt + 2KC1.) 

Tartaric add produces from a concentrated solution of ammonic chloride 
a white crifstalline precipitate of hydric ammontc tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydric potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and dissolves in water (potassic carbonate) ; the other 
leaves merely a residue of carbon, devoid of any alkaline reaction. 

Ammonic salts are decomposed with evolution of ammonia gas 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHos, CaHo2), thus : — 

2AmCl + CaHo2 = 2NH3 + CaCI, + 2OH2. 

Neutral salts of certain poly basic acids, e.g., well dried alkaline 
chromates, borates, phosphates, etc., readily decompose ammonic 
salts, with evolution of ammonia gas and formation of acid salts, 
thus: — 

r CrO^Ko 
2CrO,Ko2 -h 2AmCl = ^ O + 2NH3 -I- 2KC1 -I- OHj. 

ICrOaKo 



Ammonia gas is readily recognised, 1st, by Us jpungent odour; 
2nd, by its turning red litmus paper, moistened with a drop of dis- 
tilled water, bhie ; 3rd, by its conibining with the vapour of volatile 
a^nds (such as hydrochloric acid) to form white fumes (AmCl). 

Nessler^s test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,Hgl2, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide or a yellow to brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

* For the preparation of Nessler's solution, see Appendix. 
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2(2KI,Hgl2) + l^KHo + NH4H0 = NHg"2l,OHa + 7KI -|- 30Ho. 

Brown pp. 

Ammonio hydrate and carbonate, as well as various other 
ammonium compounds, e.g,, ammonic chloride, are among the most 
useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occars. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? 

4. State how you would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

5. How can hydric potassic tartrate be distinguished &om hydric ammonic 

tartrate P 

6. How can sodium compounds be recognised in the wet way ? 

7. Which sodic salts are found native ? 

8. What changes do the following ammonic salts undergo upon ignition: — 

ammonic chloride, ammonic nitrate, ammoilic nitrite, ammonic phosphate, 
POAmos, ammonic carbonate, COAmog, ammonic iodide ? 

9. How is spongy platinum prepared ? 

10. How would you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2*345 grms. of ammonic 

platinic chloride ? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride ? 

13. How would you examine a mixture containing ammonic chloride and potassic 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation with platinic chloride 3'671 grms. of potassic platinic chloride, 
2KCl,PtCl4 ; what is the percentage of potassium and sodium in the 
mixed chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition '234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture ? 

16. Calculate the percentage composition of borax. 



4. MAGNESIUM; Mg.— Occurs in nature as oxide, in the 
mmersA periclase, MgO; as hydrate in hrucite, Mgno2; as carbonate 
in magnesitey OOMgo", and in hyd/romagnesite, C30Ho2Mgo"4,30H2; 

CO 

as DOUBLE CARBONATE in dolomite, -^^Cao"Mgo", and mesUine spar, 

CO 

QQKgo"Feo"i as sulphate in epsomUe, SOHoaMgo'^GOHg; as phos- 
phate in wagnerite, Pa02Mgo"22 ( ^Mg" j; as silicate in perldote, 
SiMgo"2, enstatite, SiOMgo", sUatite, Si408Mgo"3, talc, SisOeMgo"*, 

serpentine, giHoMfo'''^^^"' ^^^*c^^^^> Si302Ho4Mgo"2, and in 

SiO 
diojpside, g-QCao"Mgo"; and lastly, as borate in horacite, BsOgMgo'^a. 
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EEACTIONS IN THE DRY WAT. 

The most characteristic reaction for magnesia in the dry way is 
the pale rose colonr which this alkaline earth acquires on moistening 
with cobaltous nitrate, and then igniting it once more strongly on 
charcoal. 

This colour can, howeyer, only be relied on when no other metallic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost inyariablj be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, KCarS. Prolonged 
ignition of the carbonate yields caustic magnesia, which is ahnost insoluble in 
water. 

REACTIONS IN THE WET WAT. 

For this purpose a solution of maqnesic chloride, MgClj, or 
MAGNESio SULPHATE, SOgMgo", (S02(02Mg)",) is employed. 

Magnesia is not precipitated by ammonia in the presence of 
ammonic chloride, because it forms a soluble double chloride^ 
2Am01,MgGl3. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHos, thus : — 

2MgCl2 + 2AmHo = MgHoa + 2AmCl,MgCl2. 

Soluble double chloride. 

In the presence of a sufficient amount of ammonic chloride, the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgIIo2 + 2AmCl = MgCl2 + 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by anmionic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient dmoimt of ammonic chloride 
be present^ and the solution be kept suffi^ently dilute, 

Potassic, sodic, calcic, and baric hydrate precipitate white 
ma^neAc hydrate, nearly insoluble in cold and hot water. Ammonic 
chloride, as well as other ammonic salts, dissolve it readily, or, if 
originally present in sufficient quantities, prevent its formation. 

Sulphuric, hydrofluosilicic, aud oxalic acid form soluble magnesic 
salts. 

' POnoNao2 (hydric dlsodio phosphate) precipitates hydrlc mag- 
nesic phosphate, POHoMgo". 

The precipitation is complete in the presence of ammonic chloride 
and ammonia. POAmoMgo",6Aq, ammonic mairnesic phosphate, 
falls as a white crystalline precipitate. The separation from a dilute 
solation of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically iusoluble. Dilute mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating magnesic chloride with precipitated mercuric oxide, the chloride 
is eonverted into oxide, mercuric chloride being'Yolatilized. This experi- 
ment must be conducted in a closet whicb is proyided with a good indraught of 
air, and is in connection with a chimney flue. 
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Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of ammonio salts (phosphates and borates 

excepted). 
2nd. The insolubility of MgHoa in water. 
3rd. The insohihility of 2KCl,PtCl4 in alcohol, 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, ITa, and Am, may be 
examined as follows : — 

Ist. Heat a portion with NaHo ; ammonia gas is given off, which is recognised 
bj its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmOl, AmHo, and FOHoNaos, a white crystalline 
precipitate indicates the presence of Mgr. 

8rd. Eyaporate a third portion to dryness and ignite strongly. Extract with 
hot water, and add BaHo^ till the wholp of the magnesia is precipitated 
as MsrHo^ ; filter. To the filtrate add OOAmo^, as long as a precipitate 
is produced, and filter again. Eyaporate the filtrate to diyness, and ignite 
strongly to expel ammonic salts. Dissolve the residue in a little water, 
filter off a trace of MgK) (if any), and test filtrate for potassium by means 
of PtCLi ; ^ yellow crystalline precipitate — presence of K, and for 
sodium, by heating on a platinum wire before the blowpipe flame; a 
golden yellow Jlame indicates the presence of Na. 

QUESTIONS AND EXERCISES. 

1. How is magnesio sulphate prepared — 1st from magnesite; 2nd, from 

dolomite ? 

2. Which are the most important magnesium minerals? GHiye constitutional 

and graphic formulsB. 

3. How is magnesium detected in the dry way ? 

4. Explain the action which ammonia, potassic hydrate, and sodio carbonate 

haye upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 
6. Describe fully the most characteristic reaction for magnesic salts in the wet 
way. 

6. How is magnesic chloride conyerted into oxide in the dry way ? 

7. How is magnesium separated from potassium and sodium P 

8. Calculate the percentage composition of magnesite and epaomite. 

9. How much crystallized magnesic sulphate, SOHo2Mgo'',60H2, can be pre- 

pared from one ton of pure magnesite ? 



Chapter III. 

REACTIONS OF THE METALS OF GROUP IV. 

This group comprises tlie metals barium, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter prevents the pre- 
cipitation of magnesium (if present in sufficient quantities). 

1. BARIUM, Ba. — Occurs in nature chiefly in the form of 
heavy spar, SOsBao", and as witherite, COBao". * 
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KEACTIONS IN THE DET WAT. 



Barium compounds, when heated on platinum wire in the inner 
blowpipe flame, impart a ycllowtsli sreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. 

Heayy spar heated on oharooal in the reducing flame is reduced to baric 
sulphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only by ignition to a strong white heat. 

REACTIONS IN THE WET WAT. 

Baric salts are obtained by dissolving the native carbonate or 
witherite in acids.* Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SOgBao" + CONaoKo = COBao" + SOaNaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, S02Sro". 

A SOLUTION OF BARIC CHLORIDE, BaClc, is employed. 

COAmOz (srroup-reagrent) precipitates white baric carbonate, 
COBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C202Ho2Bao", but it is reprecipitated 
on boiling with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.^., potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. 

CONaoj and COK02, same precipitate. 

KHo and NaHo, free from carbonates, give from highly concentrated solutions 
a voluminous precipitate of baric hydrate, BaHo^, soluble in water. A solu- 
tion of the hydrate in water is known as haryta-water. It possesses a strong 
alkaline reaction, and great affinity for carbonic anhydride. 

Am Ho gives no precipitate. 

S02Ho2, as well as all soluble sulphates, precipitate heavy white 
granula/r baric sulphate, S02Bao", even from very dilute solutions of 
baric salts, insoluble in water, dilute acids and alkalies ; soluble to a 
perceptible extent in boiling concentrated hydrochloric and nitric 
acids and also in concentrated solutions of ammonic salts, but not 
if the precipitants are in excess ; soluble also in concentrated boil- 
ing sulphuric acid, with formation of dihydric baric disulphate, 
S204Ho2Bao". The presence of an alkaline citrate greatly interferes 
with its precipitation. Solutions of strontic or calcic sulphate (two 

* Dilute acids (HCl or NO2H0) should be employed, as the baric chloride 
and baric nitrate, which result from the action of these acids upon witherite, are 
insoluble in the concentrated acids. 
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sulphates which are but slightly soluble in water, especially the 
former), constitute the most delicate test for barium. 

POHoNaos (bydric disodlc phosphate) gives from neutral or alkaline 
solutions a tchite precipitate of hydric harlc phosphate, POHoBao'^ readily 
soluble in dilute nitric, hydrochloric or acetic acid. Perceptibly soluble in 
amnionic chloride. 

I ^^"V^^ (ammonie oxalate) gives from a moderately dilute solution 

of a baric salt, a white pulverulent precipitate of baric oxalate, ■< ^^Bao'', 

soluble in dilute nitric or hydrocliloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

CrOjKoa (potassic chromate) gives a bright lemon yellow precipitate of 
baric chromate, Cr02Bao", even from very dilute solutions, readily soluble in 
nitric, hydrochloric or chromic acid (CrOj{Ho2) — reprecipitated by ammonia. — 
(Distinction pbom stbontic and calcic salts, which abb not pbecipitated 
7b0m dilute solutions. 

2HF,SiF4 (hydroflnosilicic acid) gives a colourless crystalline pre- 
cipitate of baric silicoiluoride, BaFajSlF^, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water and in dilute acids, insoluble in alcohol. 
(Distinction of baric from strontic and calcic salts, which give 
NO precipitate.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the me^l barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How oan baric sulphate be converted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most dehcate reactions for barium ? 

5. How can barium be separated from strontium and calcium ? 

6. 1*235 grm. of witherite gave '965 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the minersd P 

7. A sample of heavy spar contains 96'5 per cent, of pure sulphate. How much 

baric sulphide, and how much baric nitrate can be obtained from 1 cwt. of 
the mineral ? 



2. STRONTIUM^ Sr". — Occurs in nature as sulphate, in the 
mineral celestine^ S02Sro" ; and as carbonate or strontianite, OOSro". 

examination in the dry WAT. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame crtmson. 

Celestine heated on charcoal in the reducing flame, is converted into strontic 
sulphide, SrS, from which the chloride may be prepared for blowpipe and other 
reactions, by treating the residue with hydrochloric acid. 

REACTIONS IN THE WET WAT. 
We use A SOLUTION of strontic CHLORIDE, SrCla. 
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COAmOs (ffroup-reasent) gives a white precipitate of strontlc 
carbonate, COSro", less soluble in amnionic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontio dicarbonate, 020sHo2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONaots and COKos, same precipitate. 

SO2H02, or a soluble sulphate, produces a white precipitate of 
strontie sulphate, S02Sro". From dilute solutions a precipitate 
appears only after some time, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Amo2, and a little ammonia. (Distinction 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontie sulphate in water precipitates baric salts. 

I COAm^ (amnionic oxalate) precipitates strontie salts more readily 

f CO 
than baric salts. The white precipitate of strontie oxalate, < ^QSro'', is 

readily soluble in dilute nitric or hydrochloric acid ; somewhat soluble in 
ammonic salts ; bat sparingly soluble in oxalic or acetic acid. 

QUESTIONS AND EXERCISES. 

1. Which are the principal strontium minerals ? 

2. How are strontio chloride and nitrate prepared — 1st from strontianite ; 2nd. 

from celestine ? 

3. Which are the most characteristic reactions for strontium ? 

4. How can strontium be distinguished from barium P 

5. What is the percentage of strontium in strowtia/nite and in celestine ? 

6. How can strontium be separated from calciimi P 



3. CALCIUM, Ca". — Occurs in nature in the mineral, vegetable 
and animal kingdom, in vast masses, in combination with carbonic, 
sulphuric, silicic'and phosphoric acids. In plants it occurs combined 
with carbonic, sulphuric and phosphoric acids ; in animals com- 
bined with phosphoric and carbonic acids. It is occasionally also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon calc spa/r. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalHne structure, such as 
calc spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into baryto-caldte and dolomite, siderite, diallogite and jplurribo- 
caldte), arragomte, ma/rble, limestone, chalk; the sulphates, such as 
gypsum, SHoiCao", anhydrite, S02Cao", alabaster, selenite ; the phos- 
phates, such as apatite, PgOaCao"* ( j^Ca" V, bone-earth, Pa02Cao"3i 
aad fluor spa/r, CaFj. 
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REACTIONS IN THE DRY WAY. 

Most calcinm compounds, when heated in the inner flame of the 
blowpipe, coloar the outer flame yellowl§li-reil ; calcic phosphate 
and borate excepted. The presence of barium or strontium entirely 
obscures the calcium reaction. 

Calcic carbonate when strongly ignited becomes converted into caustic or 
quicklime, OaO, which reacts alkfdine. It combines with water very eagerly, 
evolving much heat, and is converted into calcic hydrate, OaHoj (slaked lime), 
which is less soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold, than in hot water. Calcic sulphate is converted into calcic 
sulphide, CaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 

REACTIONS IN THE WET WAY. 

Calcic salts are readily prepared from pure calc spar or marble^ 
by means of dilute acids. 

We employ a solution of calcic chloride, CaCU. 

COAmoa (ffroap-reaseiit) precipitates white calcic carbonate, 
COCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalliner. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 

CONaos and COK03, same reaction. 

SO2H03, or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt white calcic sulphate, SOHojCao'' -1- Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the volume of alcohol from solutions which are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolves r^idily on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

POHoNao2 (hydric dlsodlc phosphate) gives a bulkif white precipitate of 
tricalcic phosphate, P2020ao''3, soluble in cUlute hydrochloric or nitric add, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I CO A (amnionic oxalate) produces even from very dilate 
solutions of calcic salts a white pulverulent precipitate of calcic 

r CO 

oxalate, < no^^'^" "^ '^^'» ^^^^^^7 soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting very strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural lime compounds P 

2. Give graphic formulae for gypsum, anhydrite, calc spar, fluor spar, apatite, 

3. Which are the most delicate reactions for calcium in the wet way ? 

4. How is arragowte conyerted into calcic oxalate ? 

5. Calculate the percentage composition of bone-ash, 

6. Why can a solution of calcic sulphate be employed for the detection of barium 

and strontium even in the presence of calcic salts ? 

C 
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Separation of Barium, Strontium^ a/nd Oalcium. — Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
banum and calcium as well. A method of separating these metals 
is based upon — 

1st. The insolubility of BaCl2 in absolute alcohol (SrCla and 

• CaC]2 being soluble). 
2nd. The insolubility of N204Bao", and NjOiSro" in absolute 
alcohol (calcic nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. 

Barium is separated from strontium and calcium, by digesting the finely 
divided residue with absolute alcohol, and separating the undissolved BaClj by 
filtration. 

Strontium is separated from calcium bj evaporating or distilling off the 
absolute alcohol, which contains the SrOla and CaCl^; precipitating with 
COAmo2f filtering, and conversion of the strontic and calcic carbonates into 
nitrates by means of dilute nitric add. The solution of the two nitrates is evapo- 
rated to dryness, and absolute alcohol added, when calcic nitrate is dissolved out, 
strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire to 
the alcoholic solution containing baric, strontic, or calcic chloride (or 
nitrate) ; the alcohol is seen to bum with the characteristic colour 
observed when traces of these salts were heated on a platinum wire. 

Several other methods for recognising and separating the metals 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of Or02Ko2) or 2HF,SiF4. A yellow or a transparent cry- 
stalline precipitate indicates barium. To a portion of the filtrate add SOjOao ; 
a precipitate forms perhaps only after some time, proving the presence of stron? 
tium ; or the solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the largely diluted solution. If both strontium 
and calcium a^e present, separation becomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes* based upon :-=- 

1st. The insolubility of BaClj and NaOiSro" in absolute alcohol, 
2nd. The insolubility of BaCla in aibsolute alcohol and that of 

SOaSro" in a concentrated sohition ^ S02Amo2. 
3rd. The insolvMlity of BaF8,SiF4, or CrO,Bao", as well as of 
SOaSro", in water ; calcic sulphate being sufficiently soluble 
to be readily vndicated by ammonic oxalate* 

PRACTICAL EXEECISESt ON aROUPS IV AND V. 

You are requested to analyse — 
1. A solution of salts of the metals E*, Mg, and Ba. 

* Table lY in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

f As a control upon the work done in a laboratoiy the analytical results 
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2. A mixture (about *5 grm.) o£ the solid salts NaCl, SrCl^i and magnesia alba 

(08Ho4Mgo"4). 

3. A mixture of the solid salts AmOl, BaOlj) and COOao'^ 

4. A mixture of the salts AmCi and SOsMigo''. 

5. A mixture containing finely powdered marble, baric carbonate and common 

salt. 

6. A solution of BaCl2 and SrOlj, containing *010 grm. of Ba and '100 grm. 

of Sr. 

7. A solution of NaCl, KOI, and MgrCls, containing *020 grm. of K, '200 grm. 

of Na, and '050 grm. of M!g. 

8. A solution of SrOl^ and CaOl2} containing *050 grm. of Sr, and '500 grm. 

ofCa. 



Chapter IV. 

REACTIONS OF THE METALS OF GROUP III, OR 

AMMONIC SULPHIDE GROUP. 

Geoup III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* oontaining K2O4O00'', FesCli;, and calcic phosphate, 
dissolved in a little dilute hydrochloric acid, a concentrated solution of ammonic 
chloride, and then ammonia. A precipitate is produced. Filter, and add to the 
filtrate ammonic sulphide. A further precipitation takes place ; the precipitate 
is black. 

This shows that some members of this group are precipitated by 
AmOl and AmHo ; others only on the adoUtion of SAm^. 

2. Add to a solution of Fe2Cl6) OrjClg, and AljOl^, ammonic chloride and 
ammonia, till it is distinctly ammoniacal. A bulky gelatinous precipitate is 
obtained. Filter. Add to the clear filtrate ammonic sulphide : no further pre- 
cipitation takes place. 

Showing that Iron, Ghromium, a/nd Aluminiv/m are precipitated 
(a« hydrates) from their saline solutions by AmGl amd AmHo alone^ 
witJwut the aid of SAm^, (Ammonic chloride has no share in the 
precipitation, but counteracts the solubility of the alaminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydrate.) 

3. Dissolve some baric, strontic, calcic, and magnesic phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced till the free acid has been neutralised (with formation of ammonic 
chloride), when the phosphates are reprecipitated. Filter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by amimonia alone, 

should be carefully recorded by the student (as far as possible, in a tabular form), 
and should be discussed and corrected, if necessary. By these means only it is 
possible to control and direct the analytical studies of a large class. 

* Solutions containing '005 grm. of the metal in every cc are readily pre- 
pared, and should be kept for use. 5 c.c. of each solution will be found a 
convenient quantity. 

c 2 
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4. Diasolye some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydrochlorio 
acid.* To one portion of the solution add ammonio chloride and ammonia. A 
precipitate is formed.. The phosphates are repreclpitated. Filter and add 
ammonio sulphide ; a further precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre* 
cipitated hy ammonio chloride and ammonia. 

Thus far we have seen that these two reagents precipitate : — 

Nickelous phosphate Chromic phosphate 

Cobaltous „ Aluminic 

Manganons „ Baric 

Zincic „ Strontic 

Ferric „ Calcic 

Ferric hydrate Magnesic 
Chromic „ 
Aluminic „ 

5. To a solution of SOaNio", N2O4C00", SOaZno", and MnClj (free from 
Fe), add AmCl in considerable excess, and then AmHo in slight excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion ^f the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of NiS and CoS (black), ZnS (white), and 
IffnS (buff coloured). 

This slwws that Nickel, Gohalt, MangoAiese, and Zinc salts are 
not precipitated hy AmCl amd AmHo, hut hy ^Am%. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid where it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmCl and AmHo produce, under favourable con- 
ditions, a pa/rtial precipitation. 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, 
and Fe (see 4), add AmCl, AmHo, and SAmj, without first separating by filtra* 
tion, the precipitate produced by AmCl and AmHo. Thb Phosphates of 
Co, Ni, Mn, Zn, and Fb, which may be present in the hydrochloric add solu- 
tion, ABB DBCOMFOSBD INTO SULFHIDUS, AND AlCMONIO PHOSPHATE IS LEFT IN 
SOLUTION. 

7. To a solution of FejCle add AmCl and AmHo, a reddish-brown precipitate 
of ferric hydrate, FosHoe, is produced, which on the addition of SAms, turns 
instantaneously black. 

This shows that iron is first precipitated as hyd/rate, and is 
subsequently converted into sulphide. Chromic and aluminic chlorides 
are precipitated under the same circumstances as hydrates, but 
they form no sulphides in the wet way. 

We may then sum up by saying that the group reagents, AmCl 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of Group III from others, and that 

* This solution may also be prepared by adding hydric disodic phosphate 
to solutions of the aboye metals as long as a precipitate forms, and dissolring the 
precipitate in a little hydrochloric acid. 
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SAm2 should invariably l)e added as welL The three reagents*^ 
precipitate : — 

1. Sulphides — 

NiS black 

CoS black 

MnS buff 

ZnS white 

PeS black. 

2. Hydrates — 

Cr2lIo6 green 
AI2H06 white. 

3. Phosphates of Or, Al, Ba, Sr, Ca, and Mg. 



NICKEL^ Ni" and *^ — Occurs in nature as sulphide, NiS", 
in cajpUldry pyrites^ hair nickel, or millerite ; as arsenide, in 

{"As' . f 'As"Ni" 

I, ii ,Ni", and in copper nickel, < 'Aa"N*" » ^ 

ANTIMONIDE, in < /a-u'r-pg-v/y antimony nickel, combined with rul- 

. f "As' 

PHiDE, as in nickel glance or grey nickel ore, < // a ;Ni,Ni*^*S2, as a/nti^ 

f "Sb' 

mony nickel glance, < f/gT^,Ni,Ni*'^S2; also in the form of minerals, 

which are the result of the oxidation of other nickel minerals, e.g., 
as nickel ochre, As202Nio"8, and emerald nickel, C(ONi"Ho)2]Srio", 
5OH2. 

REACTIONS IN THE DRY WAY. 

When nickel compounds are heated on charcoal with dry sodic 

■ * Add AmHo to a solution of baric, Btrontic, calcic (and magnesic) oxalates in. 
dilute hydrochloric acid, as long as a white precipitate is obtained. The oxalates 
of the alkaline earths are reprecipitated more or less completely as soon as the 
hydrochloric acid which (as in the case of the corresponding pnosphates) holds 
them in solution is completely neutralised. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
earthy bases, which are precipitated by AmHo, although in the presence of much 
AmCl they are, to a great extent, held in solution. 

Silicic acid and smcates, soluble in i^drochloric acid, are likewise acted upon 
by AmCl and AmHo, gelatinous silica, SiHo4 being precipitated. 

In .order to ayoid complicating the qualitative course, it is usually preferred 
to evaporate the hydrochloric acid filtrate from Group II to complete dryness, 
with the addition, towards the end of the evaporation, of a little concentrated 
nitric acid, whenever AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiO^, is left behind insoluble in acids ; the fluorides and 
borates are for the most part decomposed ; boric and hydrofluoric acid being 
set free or volatilized. Oxalates are destroyed with evolution of carbonic 
anhydride by the oxidizing action of the nitric acid, and tartrates, etc., are 
broken up by gentle ignition into carbon and volatile gaseous products ; ferrous 
salts are converted into ferric salts, and on extracting the ignited residue with 
a littile concentrated hydrochloric acid, the metals are obtained in solution as 
chlorides, together only with the phosphates of the alkaline earths, earthy and 
metallic bases. 



22 NICKEL. 

carbonate in the inner blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a horax bead, in the 
outer flame, nickel compotmds yield an intensely coloured glass, which 
appears hyacinth red to ylolet brown when hot, and yellowish to 
sherry red when cold (according to the quantity of nickel present). 
On fusing a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distinguished 
from iron. Heated in the reducing flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallic nickel. The reactions with micro- 
cosmic salt are similar, but the bead becomes almost colourless 
when cold. 

REACTIONS IN THE WET WAT, 

We employ a solution op nickelous sulphate, SOgNio", 

= SOaCOaNi)''. 

SAma (sroup-reasent) gives a Hack precipitate of nickelous 

sulphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia, forming a dark brown solution, 
whence the sulphide is reprecipitated on boiling. The presence of 
ammonic chloride (or better still, amnionic acetate) assists the 
precipitation. Nickelous sulphide dissolves with difl&culty in dilute 
hydrochloric acid, readily in nitric acid or aqua regia, and is but 
slightly soluble in acetic acid. 

SHj gives no precipitate in an acid solution, and a partial precipitate only 
from a salt of nickel with a mineral acid ; but produces readily a precipitate 
from a solution of nickelous acetate, or a nickelous salt mixed with an alkaline 
acetate. 

NaHo or KHo precipitates an apjple green hydrate, NiHoj, 
insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen fix)m the air. 

AmHo produces a slight greenish precipitate^, readily soluble to a blue fluid. 
"^o precipitate in presence of ammonic chloride. 

CONao2 precipitates an apple green haslc carhonate, yarying in com- 
position. 

COAmossame precipitate, readily soluble in excess, when filtered and washed, 
to a greenish blue solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yellowish green precipitate of nickelous cyanide, NiCya, which 
dissolves readily in excess of potassie cyanide to a brownish 
yellow solution, containing a double cyanide of nickel and potas* 
sium, 2KCy,NiCy2. On adding a dilute acid (HCl or SO2H02), 
NiCya is reprecipitated, and KCy is decomposed with evolution of 
HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 

* It is preferable to add hydrocyanic (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then £Ho drop by drop, till the yellowish green 
precipitate is redissolTed. Great caution has to bo observed on account of Hic 
highly poisonous nature of HCy. 
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excess of HCy, bat the nickelons salt is oxidized in the cold by 
chlorine, or on the addition of a C07icenhatcd solntion of sodic 
hypochlorite, CUSfao, to black nlckelic taydnite, 'Ni^'sHo^, which is 
gradually precipitated, thus : — 

2NiCy, -f ClNao + SOH, = Ni^Hoe + NaCl -h 4HCy. 

Nickelic hydrate may also be obtained by passing chlonne 
through water, in which nickelons hydrate is suspended. HCl 
decomposes the tetrad nickel compound into nickelons chloride and 
free chlorine. 

QUESTIONS AND EXERCISES. 

1. Express in Bymbolic equations the reactions for nickel in the wet way. 

2. State which are the principal nickel minerals, and translate into graphic 

fommlsB the constitutional formulas of emerald fUckel^ antimony nickel^ 
nickelons nitrate and arseniate. 

3. How many oxides of nickel are there ; and how wotdd you prepare them from 

a solution of nickelons sulphate ? 

4. How would you recognise the presence of Ni and As in arsenical nickel ? 

5. 50 cubic centimetres of a solution of nickelons sulphate yield on precipitation 

with KHo and ignition '370 grm. of KiO ; how much Ni is contained in 
1 c.c. of the solution, and how much nickelons sulphate (SOHo2Nio'^60H2) 
must be dissolyed in a litre of water to obtain a solution of 4the above 
strength ? 

6. Calculate the percentage composition of capiUari/ pyrites, 

COBALT, Co" and *^. — Occurs in nature as sulphide or cobalt 

{OoS" r "As' 

CoS"^" ' ^ arsenide in < " Ag'Co", tin-white 

cobalt or snidltine (speiss cobalt), as sulpharsenide, or cobalt glance^ 
I "As' ^o "jCo^^Sz ; also in the form of products of oxidation, snch as 

cobalt vitrioly SOHo2Coo",60H2, as arseniaie, AB203Coo"3,80H2, in 
cobalt bloom, and generally in small quantity in nickel and iron ores, 

REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydride are evolved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when a fine blue, so-called cobalt glass, is obtained. 
This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co,' 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

REACTIONS IN THE WET WAY. 

NO 

We employ A solution op cobaltous nitrate, jtq'^Coo". 
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SAii]2 (sroup-rcasent) gives a hlach precipitate of cobaltous 
Bulpblde, CoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica* 
lion of heat. Hence a black residue left, on treating the amnionic 
sulphide precipitate of Group III "with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 

SH3 gives no precipitate £rcm an acid solution, but precipitates cobaltous 
sulphide partially from a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt contaming a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a blue basle salt, which 
turns olive green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose red cobaltous hydrate, CoHo2, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous chloride remains in solution, thus : — 

3C0H02 + CI2 = COjHoe -f C0CI3. 

Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basle salt, 
which dissoWes readily in excess. The solution is reddish brown. Ammonic 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes rapidly brown. 

CONaoj precipitates a peach coloured basic carbonate. 

OOAmo2, same precipitate; readily soluble, however, in excess, to a red 
solution. 

KCy gives with all normal cobaltous salts a brownish white pre- 
cipitate of cobaltous cyapidc, CoCy2, soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric ncid. 

If the cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy; and if the soliition containing the double cyanide 2 KCy, 
CoCy2 be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
having been converted into cobaltic cyanide, 'Co"'2Cy6, which 
remains combined with 6KCy to form a well defined and stable salt, 
called potasslc cobaltlcyanlde, K6Co2Cyi2, hydrogen being evolved, 
thus : — 

2CoCya H- 2HCy = COjCye + H2. 

6KCy + Co^Cye = KeCojCyia. 

Potassic 
cobalticyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 
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Separation of Nickel from OohalL 

It is obvious that the hydrocyanic acid reaction enables ns to 
separate nickel from cobalt. — To a neutral solution of the two salts 
add cautiously a small quantity of a strong solution of hydrocyanic 
acid, and then, drop by drop, KHo (a solution of potassic cyanide 
may likewise be used) as long as a precipitate forms, and till the 
precipitate is quite redissolved. Heat gently for some time in a well 
ventilated closet, till the odour of hydrocyanic acid has disappeared. 
Allow to cool, and add a concentrated solution of sodic hypochlorite. 
Ni2Ho6 is precipitated in the cold, and cobalt remains in solution, as 
K6Co2Cyi3. Separate by filtration. Test the residue before the 
blowpipe for nickel, and evaporate the solution to dryness, and test 
for cobalt by means of a borax bead. 

Instead of sepatating nickel as NisQoe by means of CINao, the solution, 
after boiling with excess of HCy, may also be precipitated whilst hot, with finely 
divided freshly precipitated mercurie oxide. On digesting for a short time at 
a gentle heat, the whole of the nickel is precipitated, partly as NiHog, partly as 
NiCy2, the mercury combining with the liberated cyanogen. Filter off the greenish 
or yellowish grey precipitate, wash, and ignite. Pure NiO is left ; thus : — 

(1) 2NiCya + xH^O + OHg =» HgrOya + NiHoa^NiOya + x-lH^. 

Greenish 
precipitate. 

(2) NiHoajNiCya + HffO - 2NiO + HarCya + OHo. 

Volatile 
on ignition. 

The cobalt remains in the solution as KeCoaCyia. Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercurous nitrate, K'a04Hg2o''. 
A white precipitate of mercurous cobalticyanlde, (Hg''a)30o2Cyi3, forms, 
which contains the whole of the cobalt. Filter, wash, and ignite imder a hood 
with free access of air, when trlcobaltic tetroxlde, O03O4, is left. 

Another method of separation consists in adding a concentrated solution of 
NOKo (potassic nitrite) in considerable excess to a concentrated normal 
solution of a cobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolve the precipitate, which is at first produced by the free KHo and OOKoa 
contained in the NO£o. On keeping the solution in a moderately warm place, 
the whole of the cobalt separates in the form of a crystalline precipitate of a fine 
yellow colour (from a dilute solution only after long standing), the formation of 
which is expressed by the equation : — 

^Q^Coo" + 14N0K0 + 4 1 ^qI^^ + 2OH2 = NgOeCoaO^S 

YeUow 



6NOKo,40H3 + 4NO2K0 + 4|^Q^^ + N2O 
precipitate. 



2^2- 



The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or by potassic hydrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed by a solution of potassic 
acetate, and finally with alcohol. This beaction separates niceeii fbom: 

COBAI/r VBBT EFFECTUALLY. 

% 

On igniting a small qnantity of NgOiNio", a dirty greyish 
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powder of NiO is left. Ignite next N2O4C00" gently, and a black 

residue of cobaltous dicobaltic tetroxide, CO3O4 = s CooCoo" is 

left. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation :-^ 

CO3O4 + 8HU1 = 3C0CI2 + CI2 + 40Ha. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

NiA, or I gjgo, and Oo,0s, or | g jgo ; Oo,S,. 

Nickelic Cobaltic Cobaltic 

oxide. oxide, sulphide. 

Ni208 is, however, obtained in the wet way only by the action of 
oxidizing agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltous salts containing volatile acids, and gives 
up a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoOy2 into C02Cy6, in the presence of potassie cyanide, 
or of CoO into CO2O3 in the potassie nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. Translate into graphic formnlfie the constitutional formulse of cohalt pyrites^ 

cobalt vitriol, cohalt bloom, cobaltic cyanide. 

2. How are OoO and C03O4 prepared ? 

3. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and "1575 

grm. of C03O4 ; what is the percentage of Ni and Co in the ore ? 
6. Explain the formation of a blue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmio salt. 
6. How would you prepare potassie -cobalticyanide? 



MANGANESE, Mn", *^ and ^^— Occurs in nature mainly in 
the state of Oxides, of which the mineral ipyrolusite^ Mn^^02, is the 
most important. It is found in small quantities in many iron ores, 
and is a frequent constituent of silicates : the MnO replacing the 
isomorphous bases, PeO, ZnO, MgO, CaO, without altering the 
crystalline structure of the minerals. It exists both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhydrous Oxides known, besides pyrolusite, are: hrcmnite, 
Mil^'^203, hausmannite, Mn^^aOi ; the Hydrates are : manganite, 
/MnOHo .7 7 MnOHo,^ „ , MnHog,^ „ 
[ MnOHo' P^^^^"^^^^^^ MnOHo^'^'' ' "^^^^ MnHoI^''^ ' '''''^' 
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•Mn"'01 MnHo, 

vicite^ i Mno" (OMa^^Hoj)", copper mangcmy O Cao". Manga- 

L'Mn'"9J MnHo, 

pese is found in combination with sulphur, in manganese blende, 
MnS ; with carbonic acid, in diallogite, COMno" ; with silica, in red 
manganese or mungan hiesel (rhodonite), SiOMno", and in iephroUe, 
SiMno"2 ; with phosphoric acid, as trvplite, PaOMno"aFeo"a. 

examination in the dry WAT. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as they dissolve 
when heated in the out&r flame, in the horax bead, or in a bead of 
microcosmic salt, to a clear yiolet-red pearl which becomes of a fine 
ametliyBt colour on cooling. The h^A becomes colourless when 
heated in the reducing flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fuse on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidising flame, when a bluish irecu mass is left after cooling, 
consisting of soiUe manganate, MnOaNaoa. The mass at the same 
time loses its transparency. This forms the most characteristic 
reaction for Manganese. Manganous and manganic oxides are 
converted into a higher oxide, Mn^Os, in which Mn exists as a 
hexad. 

examination in the wet way. 

All the higher oxides of manganese, when heated with hydro- 
chloric a^id, evolve chlorine, and are converted into manganous 
chloride. The chlorine so evolved becomes the measure of the 
amount of MnOa present in a manganese ore. 

We employ a solution of manganous chloride, MnCla (free 
from Fe). 

SAma (srvup-rcascnt) gives a flesh-coloured precipitate of man- 
ganous sulphide, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co and Ni from Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SHa does not precipitate a neutral solution of a manganous salt ; the acetate 
eyen is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or NaHo gives a white precipitate of manganous hydrate, 
MnHo2, insoluble in excess. The precipitate absorbs speedily 
oxygen from the air, and turns dark brown with formation of 

I MnOK » ^^®^ ^* ^^ longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 
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No precipitate is produced in solutions containing amnionic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AniCi,M]lC]2, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown dlman- 

sanlc dloxydlhydrate, < iur«%f)u • "^^ reaction is characteristic for 

manganese compounds. 

AmHo conyeys in this change oxygen to the manganous salt in a manner 
similar to the action it has upon cobaltous salts, or upon metalUc copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidized and precipi- 
tated in the presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of AmCl and AmHo. The reddish brown ferric 

hydrate, which is precipitated, invariably carries down more or less -I tj^^ott^ » 

and small quantities of manganese catmot, therefore, be separated /rom iron hy 
precipitaUon toith AmCl and AmSo» 

CONaos or COKos precipitates wMte mansanons carbonate, 
COMno", insoluble in excess of the reagent, but pretty readily 
soluble in ammonic chloride. This precipitate absorbs likewise 
oxygen from the air, and turns to a dirty brownish white colour, 
owing to the formation of dimanganic dioxydihydrat<e. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trimansanic tetroxlde, MllsOi. All 
manganese oxides are obtained upon ignition in air in the form of 
MnaOi. 

KCy giyes a whitish precipitate of uianiranonK cyanide, MnCyj, soluble in 
excess to a brown solution, which is not precipitated by SAmg. 

We haye just seen how readily manganous compounds are conyerted, more or 
less completely, into higher oxides, in which manganese acts the part of a tetrad 
element. In the brown hydrated dioxide, obtained when a manganous salt is 
digested with sodic hypochlorite, according to the equation : — 

MnOl2 + ClNao + 20Ha = Mn^^OHoa + NaCl + 2H01, 

the manganese exists likewise as a tetrad element. By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are conyerted into an alkaline manganate, in which the metal man- 
ganese acts the part of a hexad element. Manganic acid itself has neyer been 
isolated. It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only dis- 
solve in water to green solutions, 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to purple red, owing to the formation of potassic permanganate,* Mn^OgKoa = 

J /»J^v0^fo"K^°V ^^*^ separation of hydrated dioxide, thus: — 

SMnOaKos + SOHa = MnaOgKos + MnOHoa + 4KHo. 



* Permanganic acid has neyer been isolated. It exists only in a few mttallic 
salts called permanganates, which are soluble in water, forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful laige 
crystals of deep yiolet lustre. 
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The change is accelerated by adding a few drops of a dilute mineral acid (e.ff., 
nitric, hydrochloric, or sulphuric acid), which combines with the liberated alkalL 
This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo-octad element ; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly oxygenised compound, uid that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other native peroxides, already enumerated, 
also the alkaline manganates and permanganates, act as powerful oxidizers, 
differing merely in the intensity of their oxidizing action. 

Manganic dioxide gives off oxygen on the adoption of concentrated sulphuric 
add, and forms normal manganous sulphate : — 

(Atomic equation) MJ1O3 + SO^Ho^ = O + S02Mno" + OHj. 

Sulphuric acid added to sodic manganate, gives off a molecule of oxygen, and 
forms manganous and sodic sulphates, thus : — 

Mn02Na02 + 2SO2H02 = 03+ S02Mno" + S02Nao2 + 2OH3. 

Sulphuric acid added to a solution of potassio permanganate, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus :— 

(Atomic equation) | S^OaCOKo) "** ^SOiHoa = 05 + 2S02Mno" 

+ SO2K02 + 3OH2. 

Hydrochloric acid acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation of metallic chlorides and water. The per- 
oxides of manganese, especially the hlach oxide, constitute the principal substances, 
together with hydrochloric acid, for evolving chlorine in the laboratory and on a 
manufacturing scale. 

We know of no other mineral oxidizing agent capable of yielding from one 
molecular group of elements five atoms of oxygen ; and there are but few elementary 
substances which resist the oxidizing action of potassic permanganate. Hydrogen, 
freshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen, carbonic disul^ 
phide, are oxidised more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after some time. 
Many lower oxides, chlorides, etc., are converted into higher oxides, etc., especially 
in the presence of a free acid (hydrochloric or sulphuric acid). 

Arsenious acid is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidised 
into carbonic anhydride and water. Lower, or -ous chlorides, sulphates, etc., are 
converted into the higher or -ic salts, e.^., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized (" chlorinized ") in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlorides. 
Ferrous, cuprous, and other sulphates are converted in the presence of free 
sulphuric or hydrochloric acid into ferric or cupric sulphates. 

Potassic permanganate oxidizes also many organic bodies, such as sugar, gum, 
cellulose (in paper, cotton), uric acid, etc. The reaction in all these cases is indi- 
cated by a change of colour. On adding, for instance, the purple coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate becomes, there- 
fore, the measure for sulphurous acid, and in like manner for other lower oxides, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganate can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, five molecules of the 
reducing agent, i.e., 316 parts by weight of potassic permanganate become the 
measure for 5 x 64 ~ 320 parts by weight of SOj. 
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Two molecules of ferrous sulphate combine with one atom of oxygen and one 
molecule of sulphuric acid, to form one molecule of ferric sulphate, thus : — 

2S02Peo" + O + SOiHoj -= Sfi^e^^^ + OHj. 

Hence one molecule of dipotassic permanganate oxidizes ten molecules of 
SOjFeo", ten molecules of FeO, or ten atoms of Fe ; and 316 parts by weight 
of MnsOgKo^ become the measure for 

10 X 152 parts by weight of S02Feo" 
or 10 X 72 „ FeO 

or 10 X 68 „ Fe. 

QUESTIONS AND EXERCISES. 

1. Which are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

3. Explain the action of concentrated SOjHo2 upon &11O2, Mn02Kao2 ftnd 

Mn206Ko2 ; and express the changes by equations. 

4. Translate into graphic formulse the constitutional formulse of pyrolusite, 

hraunitey hcmsmannitef manganite, psilomelane, wad, varvicUe, and 
tephroite, 

5. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni and Co ? 

7. How is Mn separated from calcium or from potassium P 

8. What change does a solution of dipotassic manganate undergo when heated 

in contact with air ? 

9. Give evidences of the dyad, tetrad, and hexad nature of manganese. 

10. G-iye the graphic formuke for disodic manganate and dipotassic perman- 

ganate. 

11. Explain the action of AmHo upon cobaltous and manganous salts, 1st, in the 

presence of ammonic chloride ; 2nd, in the absence of ammonic salts ; and 
3rd, with free access of air. 

12. State why Mn is separated with difficulty from Fe*^ by means of AmCl and 

AmHo. 

13. What change does COMno" undergo upon ignition ? 

14. By precipitating 2*622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitate, 1*325 grm. of ULiifi^ is left { what is the per- 
centage of manganese in the salt % 

15. WTiat is the action of dipotassic permanganate upon HCl, SH2, SO2, 

I COHo' ^'=^20l2,35'eCl2,SnCl2 ? Express the changes by equations. 

16. How much sulphurous anhydride by weight and by volume (at (f C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing '500 grm. of dipotassic permanganate ? 

17. Explain the action of sulphurous anhydride upon manganic dioxide. 

18. '125 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SO2H02) solution of S02Feo". Calculate how mudi metallic 
iron the solution contained. 

19. '450 grm. of spathic iron ore, COFeo", when dissolved in hydrochloric acid, 

required '100 grm. of Mn206Ko2. What will be the percentage — 1st, of 
carbonate ; 2nd, of metallic iron, contained in the ore ? 

20. 1*240 grm. of CO2 was evolved when 1*780 grm. of pyrolusite was treated 

with moderately concentrated SO2H02 and - coK^" ^^** ^ *'^® P*^" 

centage of K[n02 in the ore, and how much chlorine gas by weight and by 
volume can be evolved from 100 grms. of the ore when treated with HCl ? 

ZING, Zn". — Occurs in nature chiefly as sulphide, or zi/nc blende^ 
hlach jach, ZnS ; as carbonate, or calaminey COZno" ; and as 
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SILICATE, or zinc glance, electric calamine, SiZao"2,OH3, Willemite, 
SiZno"a''^ ; also as oxide, in red zinc ore, ZnO. 

REACTIONS IN THE DRY WAY. 

The most cbaracteristio blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, burns on passing through the outer flame, with a bluish 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, white when cold, and which 
assumes a flue sreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidising flame, — zincic 
oxide being non- volatile. 

Zinc compoundfl give with borax or microcosmic salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, however, only to pure zinc compounds, and the detection 
of zinc in poor ores containing other readily oxidizable metals (such as Pb, Gd, 
As, Sb, which giye likewise incrustations), is a matter of great uncertainty. 

Zincic sulphide (zinc blende), when roasted in a tube of hard glass, loses part 
of its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
SOjZno (white vitriol), which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

REACTIONS IN THE WET WAY. 

We employ a solution of Zincic Chloride, ZnCl2, or of Zincic 
Sulphate, SOaZno", = SOzCOjZn)". 

SAnij (sroup-reasent) gives a toMte precipitat-e of zlndc 
suiplilde, ZnS, insolnble in excess. From dilate solntions the pre- 
cipitate separates only after some time, more speedily in the presence 
of ammonic chloride. It is readily decomposed by dilate hydro- 
chloric and snlpharic acids, with evolation of sulpharetted hydrogen ; 
also by nitric acid, bat is insolnble in acetic acid. 

SHa precipitates zinc imperfectly from neatral solntions of zincic 
salts with mineral acids ; bat from an acetate or a solntion of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by solphoretted hydrogen as zincic snlphide, even in the 
presence of mach acetic acid (method op separation op Zn prom 
Mn). Free organic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, Znno2, readily 
solnble in excess, and in Am Ho, reprecipitated almost entirely on 
dilating with water and on. boiling, solnble also in ammonic chloride. 
Snlpharetted hydrogen precipitates the whole of the zinc from these 
solntions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve oat the whole of the zincic hydrate. 

CONaoa or COK02 prodnces a white precipitate of basic car- 
bonate, consisting of two molecnles of zincic carbonate and three 
molecales of zincic hydrate, according to the eqnation : — 

* Naumann's Elements of Mineralogy. 



32 IRON. 

X 

f CHo(0Zu"Hu)2 
SSOaZno" + 5CONao2 + SOHa = < Zno" + 5SO,Nao, 

LCHo(OZn"Ho)a 

Dihydric pentazincic 
dicarbonate tetrahydrate. 

+ 3C0a. 

A large excess of ammonio salts prevents the precipitation. 

This carbonate leayes on ignition ZnO, also known under the name of zinc 
white, 

COAmos produces the same precipitate, soluble, however, in excess. 

£Cy gives a white precipitate of zinclc cyanide, ZnCyj ; soluble in excess, 
not reprecipitated by S Am^, but completely precipitated by SK2 ^ ^^ (Iklethod 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositive metals from their solutions, viz,, As, 
Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg: and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric) , these metals do not dissolve, as long as any 
zinc remains imdissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with KHo (NaHo, or even AniHo), it dissolves 
likewise, with evolution of hydrogen and formation of dipotassic zinclc oxide, 
2«nKo2. 

Zinc vapour decomposes 00 j at a high temperature, and forms ZnO and CO ; 
at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallic zinc from some of its ores). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, SO2H02, NO^Ho, and KHo upon metallic zino. 

Express the changes by equations. 

2. Give the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formula. 

3. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

formulffi for the basic carbonate and dipotassic zincic oxide. 

5. 1*5 grm. of ccdctmine yielded *876 grm. of ZnO, what is the percentage of 

zinc in the ore ? 

6. How is metallic zinc obtained from calaminef or red zinc ore ? 

7. How has ZnS to be treated in order to extract from it metallic zinc ? 

8. How is Zn separated from Mn ? 

9. How can Za be separated &om Ni and Co ? 

10. How would you remove the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, 1st, from zinc blende, 2nd, from ccUamine 1 

GKve the composition of the crystallized salt. 

12. You have given to you calamine, zince blende, hydrochloric acid, water, and 

sodic carbonate. State how you would prepare from these materials zincic 
oxide or zinc white. Express the changes by equations. 

IRON. Ee",*^, and^. — One of the few metallic elements which 
occurs very abundantly in nature, mostly in the combined state. It 
will suffice if we consider more especially those iron ores which con- 
tain the metal in sufficient quantities and which are sufficiently free 
from deleterious substances (such as S, P, As), to render them 
suitable for the extraction of iron by the usual metallurgical pro- 
cesses. The most important iron ores are :— ^' 
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1st. Ores containing Ferrous Oxide: — sjoathio or scarry iron 
ore, COFeo", (spha&rosiderite) contoining varying quantities of 
COMno", COMgo", and COCao"; black hand or carbonaceous 
iron ore, a sphaerosiderite containing from 20 to 25 per cent, of 
bituminous matter; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fael and flux necessary for their 
reduction to the metallic state. 

2nd. Orbs containing Ferrous and Ferric Oxides : viz,, 

r FeO 
magnetic iron ore, PSsOi = < PeO"'^®^" (^®^o^^ diferric tetroxide). 

3rd. Ores containing Ferric Oxide only: viz., red IwemaUte 
(rmcaceous iron, oligist, specular iron or iron glance), ''Fe"'iOz = 

ji qO (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

{PeOHo 
PeO 
PqqO (tetraferric 
PeOHo 
pentoxy-dihydrate) ; needle i/ron ore, brown iron ore, or pyrrhosiderite, 

Fe208,OH2 = "I pqoHo (^^^®"^° dioxy-dihydrate) ; Umonite or 

fPeOHo 
PeHo, 
compact hrotm iron ore, brown hcematite, 2Pe203,3OH2 = f O 

PeHoa 
IPeOHo 
(tetraferric trioxy-hexahydrate) ; (varieties : ooUtic iron ore, pea 

ore); yellow iron ore or xa/nthosiderite, Pe203,2OH2 = < -p^jr *0 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, martial pyrites, or mundic, PeSa, 
found abundantly in nature ; PejSa (diferric trisulphide) ; copper 

p^gCuas", and magnetic pyrites, 5PeS,Pe2S3 

= Pe7S8, which may be expressed graphically, thus: — 

S=Fe Fe Fe Fe Fe Fe Fe=S 

I I 

(Pentaferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

{"As' 
/» A g»Fe,Pe*^S2 ; with chromium 

D 
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{'Cr"'0 SiO il 
ir*^niri^eo"; with silica as c^2oropaZ,SiO = Fe20^, 
.. SiO H 

SOHj, and many otlier silicates; as sulphate, in green copperas 
or green vitriol, S0Ho8Feo",6OH2 ; as phosphate in vivianite* 
P802Feo"3,8OH2 (triferrons phosphate), and others ; as arseniate, 
in scorocUtBy As202Fe8O^,4OH2, and others. 

•BE ACTIONS in THE DRY WAT. 

On heating the different iron componnds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
the outer flame, on a horax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming llgriit ycUow, when cold. 
In the redtidng flame they give an oUye grreen to bottle irreeii bead. 

The reactions with microcosmio salt are similar but less distinct. The pre- 
sence of Co, Ou, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, preyious to being introduced into the borax bead. 
When heated with CONaoj on charcoal, in the reducing flamC) metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAT. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, SO2H02, forming 
ferrous salts, PeOl2, S02Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form f eri^ous nitrate and a - small amount of ammonic nitrate, 
thus ^— 

4Fe + IONO2H0 = 4 1 NO ^®^" + NOgAmo + SOHg. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, FeCl^ and SOjtFeo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidising agents, such as C12, Br2, I2, ClNao, 
KO3CI in the presence of HGl, NO2H0, NOjAgo, AuCU, HgClg, 
Mn«06Ko2, Cr02Ko2, and others. We possess therefore in ferrous 
compounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreoror, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be viewed as imsatisfied bodies, 
which, under favourable conditions, deprive other bodies, directly or indirectly, 
of oxygen, to form ferric compounds. Dyad iron, Fe" (called ferrosum) has 
two bonds latent, which it is eager to satisfy, so as to become converted into the 
more stable tetrad iron, Fe^^ (or ferricum)t in which condition it occurs in nature 
in combination with sulphur only, as FeS2, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms oi tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 
' ' — ■ ' - • ■ - . — 

* Contains also ferric phosphate, P20jFe20'*,80H2, to which the blue colour 
of the mineral is due. • 






as 



FERROUS COMPOUNDS. H5 

oxygen with one atom of iron, so as to form ferratos, as in potassie ferrate, 
PeOsKo^, in which compound the iron exists as a hexad element. 

These different combining conditions of the metal iron may be 
represented graphically, thus : — 

\/ 
Dyad iron — Fe— , e.g., in FeClj, FeO, FeS. 

Tetrad iron —Ver—, or pseudo-triad iron, — Fe— Fe-^, e.g., in 

TPaiTQ / 'Fe"'0!3 f 'Pe"'S« / 'Pe'-'O^ , , ,, 
* e »». ^ 'Pe"'Cl»' 1 'Pe"'S ' \ 'Pe"'0 ' ^ 

Hezad iron — Fe— , or =Fe=, e.a., in Fe'^OjKoj. 

y\ II 

A. Ferrous compoiindB. — ^We employ A solution of ferrous 
SULPHATE, SO,Feo", = SOzCOaFe)". 

SAm2 (irronp-reagent) gives a black precipitate of ferrous 
sulphide, FeS, insoluble in alkalies and alkaline sulphides, decom- 
posed by dilute hydrochloric acid with evolution of sulphuretted 
hydrogen. The moist precipitate absorbs oxygen from the air, and 
is rapidly converted into ferrous sulphate, and lastly into yellow 
basic ferric sulphate, with evolution of much heat. (This oxidation 
constitutes a frequent cause of the spontaneous inflammation of 
pyritical coal (which contains Fe7S8) on board vessels.) 

SH3 does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate eyen is only partially precipitated. 

KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, FeHoj, which turns rapidly to a 
cUrty green colour, and xdtimately becomes reddish brown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a sHght precipitate in a ferrous solution, containing a 
sufficient amount of AmCl. "The presence of non- volatile organic 
acids, of sugar, etc., also prevent the precipitation more or less. 

OONsog, OOKoj, or OOAmos precipitates white ferrous carlionate, 
OOFeo'', which becomes rapidly oxidized when exposed to air. 

E^FeCye (potassie ferrocyanlde) produces, by the replacement of 
Ka by Fe", a hhmh'White precipitate of dlpotasslc ferrous ferro- 
cywtfd^, K,Fe"FeOy«, thus :— 

SOgFeo" + KiFeOyj = KaPe'TeCye + SO2K02. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, thus : — 

D 2 
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4KaFe"FeCy« + 201, = 3FeCy2,2FejCy6 + 4K01 + K^FeOye. 

Prussian blue. 

K6Fe2Gyi2 (potasslc ferrlcyanide) produces a dark Hue precipitate 
of triferrous dlferrte dodeeacyanide, Fe^VFe'^'jCyis (Turnbull's blue), 

insoluble in hydrocliloric acid, thus : — 

SSOjFeo" + KeFejOyis = Fe'VFe"'2Cyi3 + 3SO2K02. 

Tumbull's blue. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and reparation of ferrous 
and ferric hydrates, thus : — 

(1) KaFe'TeCye + 2KHo = K^FeCve + PeHo2. 

(2) 3FeCy2,2Fe2Cy« + 12NaHo = SNaiFeCye + 2Pe2Ho6. 

(3) FeVFe"'2Cyx2 + 8NaHo = 2Na4FeCy6 + FesOi+^OHa 

These precipitates cannot form, therefore, in an alkaline solution. 
CyKs (potasslc sulpbocyanate) gives no indication, if the ferrous 
contains no ferric salt. 

B. Ferric compounds. — ^We employ A solution OP Febric Chlo- 
ride, ^e'"2Cl6, = { 'JJ'mov 

SAm2 (sroup-reasent) produces a hlach precipitate of ferrous 
sulphide, PeS, mixed with sulphur, thus: — PegOle +3SAm2 = 2PeS 
+ S + 6AmCl. Dilute solutions of iron give only a greenish colora- 
tion. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., PeS2 and Pe2S3, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc. 

SH2 does not precipitate "Fe^CUx its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2PeCl2 and 2HC1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

KHo, NaHo, or AmHo precipitates the reddish hrovm ferric 

'Fe"'Ho^^' or dlferric oxytetraliydrate, 

insoluble in excess and in ammonic salts (except COAmo2). Non- 
volatile organic bodies (e.g., tartaric or citric acid, sugar, etc.) 
prevent its precipitation by AmHo, but not by SAm2. The pre- 
cipitate retams with great tenacity small portions of the fixed 
alkalies. 

CONao2, COK02, and COAmo^ produce the same precipitate 
with evolution of carbonic anhydride. 

POHoNao2 (liydric dlsodlc pbospliate) produces a yellowish 
white floceulenUgelati/nous precipitate of ferric phosphate, P202Fe20^, 
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+ ^lAq. The precipitation is complete only in the presence of sodic 
or amnionic acetate, thus : — 



/CH, _ 



Pe^Cle + 2POHoNaOa + 2 | qq^^ = PaOaFesK)^ -f 

+ 2/°^> 



6NaCl 



On the addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
soluble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should 
be filtered hot, and washed by decantation with hot water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate ; insoluble, however, in acetic acid, like the corresponding 
chromic and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ga, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe*^, Al*^, and Cr*^. Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alksdine 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao" + 2 | g^^ + | gg^^ + Pe,CI. = P.O^e.o" 

+ 2Ba01, + 2NaCI + 3 1 gj^^, 

as long as a yellowish white precipitate comes down, and till the 
supernatant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate, 
in the presence of ammonic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P40(Fe206)^Fe2O^a + 16aq.). Potaasic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fasion-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as oxide or sulphide, from which the soluble alkaline phosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

K^FeCye gives &fine blue precipitate, 3FeOya,2FejCy6, known as 
Prussian Wac, thus :— 2Pe201e + 3K4FeCy6 = 3FeCy2,2Fe,Cye 4- 
12KC1. Insoluble in hydrochloric acid ; decomposed by KHo or 
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NaHo ; soluble in oitalic acid ; soluble also in excess of K^FeCye, to 
a blue solution. 

KeFe^Cju produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish brown, (Distinction between 

FERROUS AND FERRIC SALTS.) 

OyKs (potasstc sulphocyanate) gives a darh red or hhod red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The blood red fetvle snlpho* 
cyanate, Cy6Fe2S'^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 
destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe" prom Fe^^.) 

This confirmatory test should inTariably be applied, because fefrlc adetate, 
\rhen heated in presence of acetic acid, gives liiewise a deep red coloration, 
which becomes hg&ter coloured on cooling. 

Excess of sodic acetate, added to a solution of a ferric salt, -pro- 
duces a deep red-coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of browmsh yellow flakes^ 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for separating Fe^^ from Mn*.) 

Ammonic succinate or bensoate precipitates ferric, but not ferrous salts, 
as ferric succinate or benzoate.* The ferric solution should be perfectly 
neutral. Salts of FeO, MnO, CoO, NiO, ZnO are not precipitated. (METHOn 
OP sepabation op Fe*^ feom Fb", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baflc or calcic carbonate, 

suspended in water, precipitates ferric (not ferrous) chloride, as 
ferric bydrate, Fe2Ho6, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in tlie cold, and well shaken up with it, till the reddish brown pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
earthy carbonate. 

COBao" separates in like manner the higher or -io chlorides of 
this group from the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincio, manganous, cobaltous, and nickelous 
salts, it is necessary that these metals should all be. obtained in the 
form of chlorides, when, on the addition of baric carbonate, the 
respective hydrates, mixed with basic salts, are precipitated from 
the ferric, etc., chlorides, whilst ferrous chloride and the chlorides 
of Zn, Mn, Ki, and Co, are not affected. Air has to be excluded as 
carefully as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; and the reaction should be per- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 

* The formulas of these compounds will be explained under the reBpectire 
acids. 
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has ceased. The addition of ammonic chloride, previone to the 
precipitation with baric carbonate, almost entirely prevents any 
cobaltons and nickelons hydrates from falling ont witb the baric 
carbonate precipitate. (Method fob separating Fe^ (also Al and 
Cr), from Fe", Zn", Mn", Ni", aod Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
tlie barinm is removed by means of dilute snlphuric add, and the 
iron, etc., precipitated by AmHo. 

Tannic as well as salllc add (tincture of nut-galls) produces from neutral 
ferric salts a bluish black precipitate (ink), readiLj soluble in acids. 

A yerj delicate reaction for Fe^^ consists in adding a few drops of a tolutioi^ 
of potassic ferricyanide to a dilute solution of a ferric salt, and next a few drops 
of a rery dilute solution of stannous chloride, fifanCla. A blue precipitate indi- 
cates the presence of iron, thus :— *• 

(1) FeaCle + KeFeaCji, gives no precipitate, but merely a dark brown 

coloration. 

(2) FegCle + SnCls - 2FeOl2 + Sna4. 

(3) SFeCla + KgFeaCyia = Fe^sFeaCyja + 6KC1. 

Tumbull's blue. 

A ferric salt when coming in contact with certain bodies (especialiy bodies oon- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxidizing a#ent. 
Thus S^'^OHoj is conrerted into S^OgHoa j KI gires off iodine 4 Sn^Cla is con- 
yerted into Sn*^Cl4 ; SSONaoj (sodic hyposulphite) is oxidized to SO^HoNao. 
Iron or zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe^^Oj, or ferric acid, Fe^^OjHoj, containing hexad 
iron, has never heen obtained in an uneombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, by fusing iron filings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustratiye of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. Giye constitutional and graphic formulse. 

3. Which are the more important sulphides of iron ? Give constitutional and 

graphic formulsB. 

4. Giye the graphic formula of chlarqpalj chrome iron ore, green copperasy and 

vieicmUe. 

5. How is iron detected in the dry way ? 

6. What takes place ^hen iron is dissolyed in HCl, in SO^Hos, or in dilute 

NO2H0? 

7. Explain the change which takes place when FeOls is seyerally acted upon 

by atmospheric air, by chlorine, KOsCl and HCl, NO2H0, HffCl:}, 
AuClj, and by Mn^OsKos and HCl. Express the changes by equa- 
tions. 

8. Giye graphic formulae for ferric chloride, ferric hydrate, ferrous sulphide, 
• dipotassic ferrate. 

9. Explain the action of SHs and SAma upon ferric salte, Ist, in acid solutions $ 

2nd, in neutral or alkaline solutions. 

10. How does £4FeCy6 and KeFe2Cyi2 enable us to distinguish between ferrous 

and ferric salts ? 

11. State why 'K^e^Cyi2t in the presence of SnCl2, produces a blue precipitate 

with ferric salts. 
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12. Explain the action of CjKs upon ferrous and ferric salts. 

13. Explain the action, 1st of -[ qqHo' ^^^' °^ ^^^* ^^' ^^ K4FeCy6 upon 

Prussian blue. 
14 What change is produced when TejOi^ is brought together, 1st, with SO2, 

2nd, with SnCla ? 
16. ExplaLU the action of metallic iron or metallic zinc upon BsOgFesO^^ 

16. How would you prepare dipotassic ferrate? Explain the action, 1st, of 

water j 2nd, of HCl upon it. 

17. How much hydrogen gas by weight and Tolume (at 0° 0. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolyed in dilute hydro- 
chloric acid ? 

18. How much sulphurous anhydride gas by weight and by volume is required 

to reduce 1*324 grm. of ferric sulphate to ferrous sulphate ? 

19. Describe the properties of ferric phosphate. State why an alkaline acetate 

has to be added, previous to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

20. The value of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron pyrites, FeS^, containing 46*5 per cent, of sulphur, 
£1 lOs. Qd. Ascertain which can be more profitably worked in the manu- 
facture of sulphuric acid, having regard merely to the respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol 1 

22. '432 grm. of brown hcematite ore gave *350 grm. of Fe^Os. What is the 

percentage of metallic iron in the ore, and what the percentage of brown 
hiBmatite present ? 

23. How is FesOs separated from FpO ? Describe two methods. 

24. How would you separate FejOa from Zn", Mn", Ni", and Co" ? 

25. Why is it preferred to precipitate F^sClg by means of AmHo, instead of 

KHo? 

CHROMIUM^ Cr", *^, and ^».— This element is comparatively 
rare. It occurs in nature chiefly as chroyn^ iron ore, Cr203,FeO = 

I GrO^^'* ^^^ crocoidte^ CrOaPbo". Chromic oxide constitutes 
the colouring matter in ruby, green serpentjnp, etc, 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very charac- 
teristic sreen colour which the oxide imparts to borax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, when fused in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then witb the 
addition of an equal bulk of nitre and COK02 (equally mixed), yields 
a yellow mass of potassic chromate, Cr02Ko2, whicb is soluble in 
water. 

REACTIONS IN THE WET WAY. 

Chromic salts can be prepared from the yellow CrOjKo2, or the 
red dipotassic dichromate, Or206Ko2, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

'Cr"'Cl*' 
in which the Cr exists as a tetrad element. 



Cbromous. compounds 


Chromic compounds 


containing dyad Cr. 


oontaining tetrad Or. 


Or"0l2. 


'Cr"',Cl.. 


Cr"0. 


'Cr"',0,. 


Cr"Ho3. 


'Cr"',Ho.. 
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A lower chloride, OrClg, has been prepared in which Cr acts as a dyad element ; 
but as it has to be carefully kept from the air to prevent its becoming rapidly 
oxidized, and as it is of no real practical use, a passing notice of it will suffice. 

Chromitim is capable of forming three series of compounds* 

Chromates 
containing hexad Cr. 

Or^OjKoa. 
Cr^OjPbo". 



of whicli we purpose studying only the two latter. 

A. Chromle €ompoiinil8. — We employ a solution of Chromic 
Chloride, Cr2C]6. 

SAms (sroup-reaireiit) precipitates bluish green chromic bydratc, 

CraHoe, insoluble in excess. 

AmHo precipitates the bydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution ; reprecipitated by long- continued boiling or on 
adding AmCl, whereby the fixed alkali is removed as KCl or NaCl 
with substitution of AmHo. 

C0Na02 and COAmo2 give greenish precipitates of ba§ic car- 
bonates (varying in composition), somewhat soluble in excess. 

POHoNao2 (bydrlc dlsodlc pbospbate) precipitates green 
chromic phosphate, P202Cr20^, soluble in mineral acids, insoluble 
in acetic acid. 

COBao" precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric, and oxalic acid, also of sugar, 
the precipitation of chromic salts by means of ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of Cr2Cl6 with Pb02 and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from gre&a to yellow), may be expressed 
thus : — 

(1) CraCle + 6KH0 = Cr,Ho6 + 6KCL 

Soluble in 
excess of KHo. 

(2) OrgHoe + SPbOa = 2Cr02Pbo" + PbO + SOHg. 

Soluble in Soluble in 
KHo. KHo. 

Q (-)0ro" (cbromous dichromic 
tetroxide), and Or02 (chromic dioxide) cannot be considered here. 
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On acidulating the solution with acetic acid, a precipitate of 
plumbic chromate, Cr02Pbo" is obtained. 

2nd. By boiling a solution of CraOle with NaHo and sodic hypo- 
chlorite, ClNao, thus : — 

CraHoe + SClNao + 4NaHo = 2Cr02Nao2 + 3NaOI + SOHj, 

Yellow sodic 
chromate. 

3rd. By fasion with alkaline carbonates and nitre (or, better 
still, with potassic chlorate), on platinum foil. 

B. Chromic anbydride, Cr^Os. — Chromic acid, Cr02Hot, com- 
bines with KHo to form two salts, the normal, or yellow chromate^ 

( CrOaKo 
Cr02Ko2, and the orcmge red dichronfiateA O , isomorphous 

LCrOaKo 
with the corresponding sulphate and disulphate. A solution of the 
neutral (yellow) chromate is changed to an orange red (acid) dichro- 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallisation. 

The anhydride may be prepared by slowly adding to a cold satnTated solution 
of the red dipotassic dichromate li times its bulk of concentrated sulphuric acid, 
and allowing it to cool slowly. OrOs crystallises out in brilliant crimson red 
prisms. The mother-Hquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell- 
jar. They must be preserred in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agents 
known. Two molecules of CrOj yield upon ignition chromic oxide 
and three atoms of oxygen, according to the equation : — 

2Cr03 = Cr203 -f O3. 

The metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural compoimds will show. Chromium differs, 
howeyer, in a marked manner firom iron and manganese, which can likewise exist in 
the tetrad and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perchromic acid, on the other hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 

Reactions op CrOs based upon its Oxidizing Action. 

A solution op dipotassic dichromate, Cr205Eo2, may be em- 
ployed. 

SH2, in the presence of free hydrochloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus : — 

Cr205Ko2 + 8HC1 + 3SH3 = CrjCU + 2KC1 + 7OH2 + S3. 

SAm2, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dA/riy green bydrated chromic chromate. 
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On boiling, the whole of the chromium separates as green chromic 
hydrate, thus : — 

CrBO,Koa + SSAmj + 7OH2 = CrjjHoe + S3 -I- 2KHo + 6AmHo. 

In the one case the H2 of the SH2 acted as the reducing agent ; 
in the other the (NH4)3 of the SAm2. 

SOHo2» in the presence of a little free SOsHo2, reduces the 
dichromate to chromic sulphate, thus : — 

« 

Cr205Koa H- SSOHoj -f SO,Hoa = SjOcOrjO^ -f SO2K02 + 4OH2. 

Chromic sulphate and potassic sulphate constitute potassium 

SOjKot 

SO = J 
chrome alum, or (dipotassic chromic tetrasulphate) qq^ Cr20^^ 

SO2K0J 

I COH^ (oxalic acid), in the presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of CO2 become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

SOaKo-j 

CraOjKo, -f 3 |§Q§^ + 4SOaHo2 = Iq^^o^ + 6CO2 + 7OH2. 

S02Hoa (concentrated) reduces the dichromate, on the applica- 
tion of heat, mth evolution of oxygen and formation of potassium 
chrome alum, thus : — 



{ 



CrO^o l^'Sl 

+ 4SO»Hoa = go Cr»o^ + 40H, + 0,. 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atouMi of oxygen in the dichromate thus : — 



{ 



Cr02Ko 

O + 14HC1 = CrzGls + 2KC1 + 70H, + 3OI2. 

Or02Ko 



ASaOg (in a hydrochloric acid solution) is converted into 
AbOHos, thus : — 



{ 



CrOaKo 

O + SAsHoa + 8HC1 = CrjCU + 2KC1 -f AsOHos 

Cr02Ko + 40Ha. 



SnCU, SbCJa, FeCl2, Zn (Fe, Sn, etc.) in the presence of dilute HCl 
reduce likewise chromates or dichromates. 
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Reactions fob CrOs produced by Double Decomposition. 

Cliromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate), also of iron (Fe^^), zinc, manganese, 
and copper, are soluble in water ; all other chromates are insoluble, 
but dissolve readily in dilute nitric acid. 

BaCl2, added to a solution of a normal chromate (or dichromate), 
gives a light lemon yellow precipitate of tiarlc chromate, Cr02Bao", 
even in very dilute solutions ; insoluble in acetic acid, readily soluble 
in nitric or hydrochloric acid, and reprecipitated by AmHo. 

/CH3 

I CO 

* Q^Pbo" (plumbic acetate) gives a fitie lemon yellow precipi- 

'.CH, 
tate of plumbic chromate, CrOaPbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrO(Pb02)'Tbo". 

N02Ago (argrentic nitrate) gives a danrJc purple red precipitate of 
argentic chromate, Cr02Ag02, soluble in nitric acid and ammonia. 

r CrOjAgo 
From weak acid solutions argentic dichromate, < O , is pre- 

LCrO^Ago 

cipitated. 

NO 

^Q^Hg2o" (mercurous nitrate) gives a dark hrich red basic 

precipitate of CrO(Hg202)"Hg2o", which on ignition is converted 
into oxygen, mercury, and finely divided green Or208. (Method 

OF SEPARATING ChROMIC AcID FROM ChROMIC OxJDE.) 

On bringing together a Httle chromic acid with hydric peroxide, O2H3, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of febchbomio acid, in which compound chromium plays the part of 
a pseudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, however, rapidly with evolution of 
oxygen, leaving Or02Ho2, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of OoHj, and then a drop of a dilute solution of a 
chromate. On taking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of OrOs can be dis- 
covered in this manner, or vice versd the smallest quantities of OjHs. 

QUESTIONS AND EXEECISES. 

1. Which is the most important chromium ore ? Give symbolic and graphic 

formulae. 

2. How is chromium detected in the dry way ? 

3. What analogy exists there between chrome iron ore and chromous dichromic 

tetroxide ? 

4. Describe how chromic chloride or sulphate is obtained from an alkaUne 

chromate. 

5. G-ive symbolic and graphic formulae for dipotassic chromate and dichromate, 

and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double decomposition which you can produce with 

chromic compounds. Give equations. 
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7. How can ohromic oompounds be oonyerted in the wet way into ohromates ? 

Giye instances, and express the changes by equations. 

8. How is chromic anhydride prepared ? 

9. GKyc instances of the oxidiong action of chromic acid. Express the changes 

by symbolic equations. 

10. What is the composition of potassium chrome alum ? State shortly by what 

processes it is prepared from chrome iron ore. 

11. You hare given to you oxalic, hydrochloriCi and concentrated sulphuric acids, 

dipotassic dichromate and water. State how you would prepare OO3, O, 
or Gl gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates ? G-iye 

several instances, and express the changes by equations. 
18. Describe some of the most characteristic reactions for chromic acid produced 
by double decomposition. Give equations. 

14. How would you distmguish between chromic oxide and chromic acid occur- 

ring in one and the same solution ? 

15. Which chromates are soluble and which are insoluble in water ? 

16. What evidence is there for the existence of perchromic acid ? 

17. How can we test for mere traces of hydric peroxide ? 

18. Calculate the percentage composition of potassium chrome alum containing 

24 molecules of water of crystallisation. 

19. How can Or be separated from every other metal of G-roup III, except Mn ? 

20. How can OrjOs be separated from Fe", Zn", Mn", Ni", Co" salts ? 

21. 1-600 grm. of chrome iron ore yielded 2*95 grms. of Or02Pbo". What per- 

centage of Cr does the ore contain, and how much dipotassic dichromate 
can be manufactured from one ton of the ore ? 

22. 1*2 grm. of a sample of sodio chromate yielded with oxalic acid *89 ^rm. of car- 

bonic anhydride. What percentage of chromic anhydride did it contain ? 



ALUMINIUM^ Al" and *^.— One of the metallic elements which 
occurs most abundantly in nature, both in the form of the oxide, and, 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHURIC, PHOSPHORIC, and other acids ; and in the form 
of FLUORIDE in cryolite^ and the rare topaz. For a list of some of the 
more interesting aluminic compounds the student is referred to 
Frankland's "Lecture Notes,** page 179. 

REACTIONS IN THE DRY WAY. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful sky blue colour, 
after being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt — cobaltous aluminate. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as FejOs, 
MnO, &c., are present, in which case recourse must be bad to the 
examination in the wet way, in order to discover Al^Os* 

REACTIONS IN THE WET WAY. 



We employ a solution op ammonium alum, SiOsAmoaAljo^ = 
SiOeCOAmJaCOeAlj)^, in which Al plays the part of a tetrad (pseudo- 

' 'Al"'Cl3 

'Cls* 



{'Al"'( 
'Al"'i 
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BAma gives a white gelatmoua precipitate of alumtnlc bj^drate, 
Al2Hoe, sulphuretted hyi'ogen being evolved, thus : — 

SAOsAmoaAlaO^ + SSAmj + 6OH2 = AlgHoe + 4S08Amo2 

+ 3SHa. 

. KHo or NaHo* precipitates the hydrate, readily soluble in 
ezcees, reprecipitated by excess of AmCl, or by AmHo, after neatrali- 
satiozL of the alkali by hydrochloric acid. The alkaline solution is 
not precipitated by SAma (method of separation of Al from Fe*^). 
AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

CONaO] or OOAmo2 precipitates haste earhonate of uncertain com* 
position. 

COBao" completely, but slowly, precipitates AlgHos, mixed with 
hasic salt, even in the cold. Carbonic anhydride escapes. 

POHoNaoa gives a hulhy white precipitate of alumlnle phosphate, 
P202Al2O^*, insoluble in AmHo and AmCl ; soluble in KHo or NaHo,. 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distiitotion qf 
AJUOs FROM Alijminig Phosphate). Alkaline acetates precipitate 
P202Al20^ from its solution in mineral acids. The presence of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate {e.g.^ in the mineral toavelliie, 
P40(Al206)'*Al20^*2,120H2), it is best to fuse the finely powdered mineral with li 
pa^ of finely dLyided Si02 and 6 parts of OONao2} in a platinum crucible, for 
about half an hour. The mass is digested for some time with water, and 
OOHoAmo added in excess ; it is then filtered and washed. The residue consists 
of aluminic and sodic silicate, the solution contains the sodic phosphate. 
Dissolve the residue in dilute hydrochloric acid, and evaporate to dryness to 
separate the sihca, and filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with SO2H0K0, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
chloric acid. 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible, with four times its weight of fusion mixture. Extract with water. 
Transfer both the soluble and insoluble portion — consisting of alkaline aluminate— 
to a poreelam dish, acidulate with hydrochloric acid, and dvaporate to dryness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble Si02 well with hot water. The filtrate contains the 
aluminium as Al^Cle, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated with potassic 
or sodic silicate, as in felspar (dipotassic aluminic hexasilicate), 

* Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaKo (prepared from sodium) for the separation of 
Fe and Al. It must likewise be recollected that NaHo acts destructively upon 

1)orcelain and glass vessels; the precipitate should, therefore, not be heated 
onger than is necessary for its complete precipitation. 
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SieOBKojAliO^, and albite, Si608Nao3AlaO^. In order to test for 
potassium and sodium, alkali salts must, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powdered^«^«^arinto a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the chimney. HF attacks the SiOji forming 
silicic fluoride, SiF4 — a volatile compound — and leares the aluminium and 
potassium behind as fluorides readily soluble in dilute hydrochloric acid : — 

SifiO^KoaAIaO^* + 82HF = 6SiF4 + 2KF + AljFj + I6OH2. 

The decomposition is generally only completed after two or three eyaporations 
withHF. 

QUESTIONS AND EXERCISES. 

t. Enumerate some of the more important aluminium minerals ; give constitu- 
tional and graphic formulae. 

2. How is AI3O3 detected in the dry way ? 

3. O-iye equations for the reactions of aluminium in the wet way. 

4. How is waveUUe examined for alumina ? 

5. How can insoluble aluminium minerals be rendered soluble in water or 

acids? 

6. Explain the action of HF upon felspar and albite, 

7. How can AljOs be separated from FegOs P 

8. How m AljOs separated from Fe", Zn", Ma", Ni", Co" compounds ? 

9. Calculate the percentage composition oi felspar. 
10. How can Al20^ be distinguished from T^OiAl^^''^ ? 



The separation of the metals of Group III is surrounded by some 
dif&culties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, FeS. 
2nd. Hydrates f viz., CrsHoe, AlsHoe, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding Am CI, AmHo, and j3Am2 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce m a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 
(especially on digesting for some time at a gentle heat), showing 
the presence of phosphoric acid. If no precipitate is obtained, the 
solution need only be examined for Ni, Go, Mn, Zn, Fe, Al, and Or. 

I. Phosphoric acid Is absent. — ^This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

• For the preparation of this reagent see Appendix. 
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It woald appear afc first sight that the deportment of the five sulphides and 
two hydrates with amnionic chloride and ammonic hydrate, sodic or potassic 
hydrate, or dilute acids {e.g.y HCl), would enable us to separate the members 
01 this group, or several of them, from each other. We have seen, for example, 
thatr— 

1st. lS%i Coy Mn, Zn are not precipitated by AmMo from a sohdi^tn containing 
large excess of AmCl; whilst FeaHo^;, OrjHoe, and AlsKof are precipitated. 
It has, however, been found that the mode of separation based upon this solvent 
property of ammonic chloride, gives but imperfect tesults, since the Fe^Hoe 
carries down varying quantities of other oxides, especially on exposure of the 
solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and 
Zn are thus frequently overlooked altogether. It is only by redissolving the 
precipitate and reprecipitating several times over with AmCl and AmHo, as long 
as the smmoniacal filtrate gives a precipitate with sulphuretted hydrogen, that 
iron can be separated from manganese, etc., in this manner. 

With these precautions, however, it is mostly possible to separate the metals 
of this group from each other by first precipitatmg ferric, chromic, and aluminio 
hydrates by means of AmCl and AmHo, and then, from the filtrate, the sulphides 
of Ni, Co, Mn, and Zn by means of SHj or SAm^ ; and the following method 
of separation may be consulted with advantage by beginners, as well as the more 
accurate, but more tedious one, of separation by OOBao" (see Table, p. 50). 

2nd. That Zn, Al, and Cr are precipitated by KSo or NaHo, but are soluble 
in excess, whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated, by means of the fixed alkatine 
hydrates. But it has been found that FesHoej-NiHos, O0H02, MnHos carry 
down appreciable quantities of ZnHos ^md — ^more especiaUy the Fe2Hoe precipi- 
tate — of OrsHog, and that a complete separation cannot be effected by precipita- 
tion with KHo or NaHo. 

Srd. Cold dilute hydrochloric acid does not dissolve OoS or NiS to any great 
extent, but dissolves the other sulphides and hydrates. This method, if practised 
with care, gives good results, small traces only of OoS and NiS being generally 
dissolved out. But as it leaves the iron, aluminium, and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. 

In finely divided freshly precipitated baric carbonate, COBao", 
we possess a reagent which separates the lower ooddes, viz., ZnO, MnO, 
NiO, CoO (this latter not quite so perfectly, except in the presence 
of ranch amnionic chloride), from the higher oxides, viz., PejOa, 
AI2O3, and CrgOs. The metals should be first obtained as chlo- 
rides. 

The examination of the precipitate produced by COBao" is bajSed 
upon — 

1st. The solubility of Ai2Ho6 in NaHo. 

2nd. The conversion of Cr203 vnto OrOs ly fusion with sodic ca/r- 
honate and nitre, or by boiling with OlNao, or with PbOa in om 
alkaline solution. 

The examination of the filtrate is based upon — 

1st. The solubility of ZnHo2 in sodic hydrate. 
2nd. „ MnS in acetic a^d. 

3rd. The formation of soluble K6Co2Cyi3 and the precipitation of 
Ni as black Ni2Ho6 by ClNao, or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 
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PRACTICAL EXERCISES* ON GROUPS IIIa, IV and V. 

You are requested to analyse — 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining '600 grm. of Fe, *050 grm. of Mn, and '050 grm. of Al. 

2. A solution of SO^Nio'^ and XSO4C00", containing *050 grm. of Ni and *010 

grm. of Co. 
8. A mixture of the solid salts : zinc white, green yitriol and potassium alum ; 

both in the dry and in the wet way. 
4. A solution of SO^Zno'' and potassium chrome alum, containing '600 grm. of 

Or and -060 of Zn. 
6. A mixture of potassium chrome alum and green yitriol (about *050 grm.), in 

the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and zincio oxide, con- 

taining '050 grm. of FeaOg, '010 grm. of MnOs and *100 grm. of ZnO ; to 
be examined in the dry way only. 

7. A sample of dolomite, for Fe'' (Mn) Ca and Mg. 

8. A sample of cede spar, for Fe'' and Mg. 

9. Samples of iron ores, e.ff.y red hcBmatite^ brown h€ematite, magnetic iron ore, 

martial pyrites, to be examined for water and sulphur only. 

10. A sample of calamine, in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way only. 

12. A sample of magnetic iron ore for Fe'', in the wet way. 

Tabulate the reactions produ^d^y AmCl and AmHo, NaHo or SAmj with 



the members of Group IIIa, 



>du^^b 



ng to the following scheme :— 



Reagent. 


AlsOs. 


OraOa. 


PejOs. 


ZnO. 


KTnO. 


NiO. 


OoO. 


AmCl, 

add 

AmHo. 


A wihite gelatin- 
ous precipitate 

slightly soluble 
in excea<), re- 
precipitated on 
boiling. 


p 


- 










NaHo. 


Ditto, soluble 














m excess. 














SAnij. 


A white gelatin- 
ous precipitate 
of ALsHog, in- 
soluble in ex- 






#■.•• 


■ 




• 




cess. 













with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

n. Phosphoric Acid Is present. — Tlie original substance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCl and AniHof produce a pre- 

• These exercises may of course be varied, and should be looked upon merely 
as indicatiye of the course to be pursued. 

t If AmCl and AmHo should give no precipitate, it is obyioua that no phos- 
phates and no Fe, Al and Or need be looked for. 

B 
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Add AmCl in considerable excess ; heat gentlj, and then add AmHo drop by 
the form of Fe^^) Filter quickly, and wash with hot water. Beserye the 
dilute HGl on the filter. Collect the acid solution in another beaker, and 
good SH2 water produces any precipitate in the filtrate. Mix now the 



SoiiFTiON. — ^Fass a current of SH3 through the solution, and filter off ZnS, 
ICnS, NiS, OoS. Wash off the filter, and redissolye the precipitate in 

dilute HCl, with the addition of a few small oystaU of -j q^^. Add 

NaHo in excess, boil, and filter. 



the Solution may 
contain Zn, as 
ZnNaoa. Add 
SHa. White 
precipitate of 
ZnS. 

Preicnee of Zn> 



The Fbboipitate may contain KnHoa, OoHos, and 
NlHos. Wash, dissolye in a little dilute HCl $ nearly 

r OH 

neutralize with AmHo } add excess of -j no Amo ' ^^^^ 

a rapid current of SHg for seyeral minutes through the 
solution, and filter. 



The Solution 
contains the 
manganese as 
acetate. 

Add AmCl, AmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh - coloured 
precipitate of 
UnS. 

Presence of Mn. 



Besidttb. — Dissolye in HCl and 
1 OKo » Jiearly neutralize with 

OONaoa ; add a weak solution of 
KCy, so as just to redissolye the 
precipitate first produced. Boil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of ClNao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



Fbeoipitatb con- 
sists of NigHoe. 
Filter off and 
confirm by heat- 
ing a small por- 
tion of it on a 
borax-bead be- 
fore the blow- 
pipe flame. 

A yellowish to 
sherry-red bead. 

Presence of Nl. 



The Solution con- 
tains the cobalt 
as KgCosCyij. 
Eyaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax 
bead. 

A blue bead in 
both flames. 

Presence of Co. 



^ 









«• ;- 
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MEANS OF AmCl AND AmHo, AND BY MEANS OF SAm,. 



drop as loi^ as a precipitate comes down. (The iron must be present in 
ammoniacid filtrate. Bedissolve the precipitate by treating it with hot 
repeat in like manner the precipitation with AmCl and AmHo, as long as 
different ammoniacal filtrates with the main filtrate. 



The Pbboifitatb consists of PesHoe, OrjHos, and AlsHof. Dissolve in 
dilate HCl, add a solution of NaHo (free from alumina) in excess, and boil 
for some time. Filter ofP. 



Fbeoipitatb. — ^Dry and fuse, with fusion mixture 
and NO3E0 on platinum foil. Dissolre in hot 
water, and filter. 



Rbsiditb. — ^Dissolve in di- 
lute HOI, and add 
K4FeCy6. 

A precipitate of Prussian 
blue. 

Presenee of Fe. 

Test the original HGl 
solution specially for 
Fe" and Fe*^ by means 
of "Mn^O^o^ in a 
highly dilute solution, 
as well as by means of 
K4Feeye, K^FejCyia, 
orCyAms. 



Solution, yellow. Con- 

{OH 
OOHo 



and 



iPbo 



OHa 
CO p 

Yellow precipitate of 
CrOaPbo". 



Presenee of Cr. 

Note, — Traces of man- 
ese — owing to imper- 
ect sepiEu*ation of Mn 
from Fe by precipitation 
with AmOl and AmHo — 
are indicated by the 
bluish green colour of the 
fused mass arising from 
the formation of an alka- 
line manganate, and after 
dissolving in water, by the 
purplish-red colour of the 
alkaline permanganate* 



Solution. — Acidulate 
with dilute HCl, and 
add AmHo in sligM 
excess. 

White gelatinous pre- 
cipitate. 

Presence of AL 

Note. — ^If no sodic hy- 
drate free from alumina 
can be obtained, it i| ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HCl and 
adding a slight excess of 
AmHo, and then com- 
paring the Al^Hof thus 
precipitated with the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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cipitate, before SAmj is added ; the precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, PeS, AlsHoe, Cr^Hoe, as weU as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that amnionic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAmj — AmCl and AmHo precipitate these phosphates 
YTithout decomposition — ^which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao",P202Cao"8 
and P202Fe20'^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and AmHo, a yellowish-white pre- 
cipitate of P202Fe20'^ and P202Cao"8 is obtained, whilst BaCl2 is 
not precipitated. On adding, however, the AmCl and AmHo, as 
well as the SAm2, to the solution, P202Fe2O'^ is decomposed into PeS 
and POAmos, which latter, by acting upon the BaCl2, would pre- 
cipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off and SAm2 added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish and boiled with a little SAm2, which decomposes the 
metallic phosphates (possibly also some PegHoe) ; leaving the phos- 
phates of the earths and alkaline earthy bases (if any), as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAm2 has 
been added to prevent the oxidation of PeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of AmCl, AmHo and S02Mgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, in combination with the metals precvpitahle as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid ; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), Al, Ba, Sr, Ca, Mg need be looked for and the solution 
may be examined at once according to Table IIIa. A yellow pre- 
cipitate indicates that phosphates of the earths or alkaline eoHhy 
ha^es, or of both, are present, in addition to the metallic phosphates 
already tested for. 

If so, add to the rest of the solution CON'ao2, till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
acetic acid: P202Fe2o'^, (as well as P202Cr20^ and P202Al20'^, 2 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 

* For the preparation of this reagent see Appendix. 
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tion, are held in solntion by the acetic acid. To the filtrate add 
pGaCle, drop by drop, as long as a precipitate* is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202Fe20'^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Ca 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of FCaCle added). The whole of the phos- 
phoric acid having thus been removed, the precipitate produced by 
AmCl, AmHo and SAm2 is examined according to Table IIIa. The 
alkaline earthy metafe are separated according to Tables IV and V, 
It should be borne in mind that these metals can have been present 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Grroup III, but should be examined separately. 

It may be of interest, occasionally, to ascertain, whether any oxalates of Ba, 
Sr and Ca (vhicb are destroyed by evaporation with nitric acid and ignition, 
before proceeding to G-roup III), were present in the original mixtnre, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in G-roup III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
abo silica. The oxalates are decomposed by gently igniting the precipitate. The 
ignited mass is extracted with dilute hydrochloric acid. SiUca, if present, is ren- 
dered insoluble, and may be separated by filtration. To the acid solution, which 
may possibiy contain phosphates of Mg, Ca, Sr and Ba, as well as chlorides of 
the bases, present before ignition as oxalates, add AmOl and AmHo and filter off. 
The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately 
according to Table lY. All Bases so discoybbed^ must havb been FB£SE2iT 

OBiaiNALLY AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IHb^ is 

based upon : — 

1st. The insoluhiUty of the phosphates of Fe^ Al and Gr m acetio 

acidy m the presence of an alkaline acetate. 
2nd. The separation of the whole of the phosphoric acid which is in 

combination with the alkaline earthy bases, by mea/ns of Pe2Cl6> 

in a/n acetic solution. 

All other operations are identical with those described in Tables 
IIIa, IV and V. 

A tabular scheme for their examination^ will be found in the 
analytical tables, under Group Ills. 

* If any phosphates of the alkaline earthy bases be left, FegCls should pro- 
duce a yellowish- white precipitate when added to a portion of the acetio acid 
solution, if not, no ferric salt need be added to the main portion of the filtrate, 
(The presence of iron, other than phosphate, is generally indicated by the reddish 
or ferric acetate colour of the filtrate.) In this case Al and Or, as well as the 
metals of the alkaline earths, will stUl have to be looked for in the filtrate. 

t The examination of Gboup Ills, containing phosphates, may be deferred 
until the student has become acquainted with the reactions for acids. 
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QUESTIONS AND PRACTICAL EXERCISES ON GROUP IIIb. 

You are requested to analyse :•— 
1. A hydrochloric acid solution, containing conunon sodic phosphate, ferric 

chloride, calcic and magnesic chlorides. 
2* A hydrochloric acid solution, containing common sodic phosphate, nickelous 

sulphate, cobaltous nitrate, zincic sulphate, and ferric chloride. 

3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

6. A mixture containing little ferric oxide and much maffnesite (or mctgnesia 
alha) and bone'Osh, 

6. A hydrochloric acid solution of conunon alum and hydric disodic phosphate. 

7. How would YOU recognize alumina in the presence of aluminic phosphate ? 

8. G-iven a reddish-coloured solution (owing to the presence of ferric salts), 

which gives a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, learing the solution still coloured. What inference 
is to be drawn from this observation ? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would you infer if the filtrate were colourless, 
but gave no further precipitate on the addition of Fesd^ ? 

11. You haye a solution giyen to you which gives a precipitate with AmCl and 

AmHo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAm2 P 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish pre- 
cipitate appears. Explain what takes place, Ist. When a portion of the 
solution in which the precipitate is suspended is. boiled. 2nd. When 
acetic acid is added, in the cold, to another portion. 8rd. When the pre- 
cipitate 1b filtered and treated with excess of the hydric disodic phosphate, 
in the presence of ammonia. 



Chaptbb V. 
REACTIONS OF THE METALS OF GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (GOLD and PLATINUM), which are 

precipitated from acid .solutions (HCl) by means of stdphnretted 
hydrogen. 

Mix together solutions of NsOgBio'", HfirClj, SOaCno", CdClj, AsaOs 
(dissolved in HCl), N304Fbo'^ SbCls, SnOl^, and SnCl4, and pass a current of 
SHj, -without first filtering off the white precipitate -which is produced. Filter ; 
pass the gas again through the clear filtrate, to make sure that the metak hare 
been entirely precipitated. Wasl^ the precipitate -with hot water ; remove a por- 
tion from the filter ; boil with a little yellow ammonic sulphide, and filter off. A 
black residue is left, consisting of HgS, PbS, BisSs, OuS, CdS. The solution 
contains AB^tSb^^,3nB and SnSj. This can be sho-wn by acidulating with 
dilute hy^i^chloric acid, when a yellow precipitate comes down — ^because yellow 
ammonic sulphide converts SnS into SnSs — consisting of the sulphides of As, 
Sb, Sn. 



SULPHO-BASES. SULPHO-AOIDS. 
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This shows that we eon divide Qrowp H hy meam of a/mmonic 
8ul/phid6y into two portions. 

The name suJ^hide^ in its widest sense, is given to all compounds 
into which sulphur enters as the electronegative element. A re- 
markable analogy is observable between oxides and sulphides. 
There is a certain class of sulphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Sulphides 
are therefore divided into sulpho-^hases and sulpho-acide. To the 
latter belong the sulphides of H, As, Sn, Sb (Pfc, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (K, Na, Am, Ba, Ga, etc.). An electro- 
positive element, which forms with oxygen an oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sulphide, in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have— 



OKs 

OAnis 

ONas 

BaO 

OaO 

FeO 

ZnO 



•203 

A83O5 

SbaOfi 
SnOj 



Oxf/'hases, 
Fotassa, alkaline and soluble. 



it 



Ammonia „ 
Soda „ 

Baryta „ 
Lime „ „ 

Ferrous oxide, no reaction, 

insoluble. 
Zincic 



i> 



a 



Oxy-anhydrides. 
Arsenious anhydride. 



n 



Arsenic 
AntimoniouB „ 
Antimonic 
Stannic 



» 



» 



AsSos 

AsOHos 

SbHos 

SbOHos 

SbOjHo 

Sn£Lo4 



Oxy-acida, 

Arsenious acid. 
Arsenic acid. 
Antimonious acid. 
Antimonic acid. 
Metantimonic acid. 
Stannic acid. 



Sul^ho'haaea, 

SK3 Fotassic sulphide, alkaline and 

soluble. 
SAms Ammonic 
SNas Sodic 
BaS Baric 
OaS Calcic 
FeS Ferrous 



ZnS Zincic 



n 



1) 



no reaction, 
insoluble. 



» 



Sulpho-anhydridet. 

AB2S3 Arsenious sulphide, or sul- 

pharsenious anhydride. 
A82S5 Arsenic sulphide, or sulphar- 

senic anhydride. 
SbjSs Antimonious sulphide, or sul- 

phantimonious anhydride. 
SbsSg Antimonic sulphide, or sul- 

phantimonic anhydride. 
SnSs Stcuinic sulphide, or sidpho* 

stannic anhydride. 

8ulpho-€U!id8. 

AsHss Sulpharsenious acid. 
AsSHsj Sulpharsenic acid. 
SbHsa Sulphantimonious acid. 
8bSHs3 Snlphantimonic add. 
SbS3Hs Sulphometantimonic acid. 
SnHs4 Sulphostannic acid. 



SuJphO'salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided into normaZ sulphides, 
such as SKj, ^SAms, SNas, BaS ; into sulphhydrates (acid sul- 
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phides), such as SKH, SAmH, BaHs2 ; smd polysul^hides, snch as 
S2H2, S5K2, S6Ain2. The aqueous solutions of the normal and acid 
sulphides are colourless, and give off SH2 when treated with dilute 
hydrochloric acid, without separation of sitlphn/r. Solutions of the 
polysulphides are yellow, or yellowish brown, and when treated 
with hydrochloric acid, give off sulphuretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of oxy- acids, and they are far less 
stable than ordinary oxy-salts. This arises from the fact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — ^non-metallic elements, which are endowed with a 
powerful chemical af&nity for oxygen, with which they form in the 
presence of water energetic oxy- acids — and that there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaUne reaction ; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

Oxy-aalt^^ Sulpho-salts, 

SnNaOs Disodic stannite. SnNas2 Bisulpbosodio sulphostannite. 

SnONaos Disodic stannate. SnSNas2 Disulpliosodio sulphostannate. 

AsKog Tripotassic arsenite. AsKss Trisulphopotaasic sulpharse- 

nite. 
AsONaos Tnsodic arseniate. AsSNass Trisulphosodic sulpharseniate. 

SbOKo Potassic metantimonite. SbSKs Sulphopotassic metasulpBanti- 

monite. 
Sb02£o Potassic metantimoniate. SblS^Ks Sulphopotassic metasulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occu- 
pies the place of the compound radical Nao, sodoxyl. In like 
manner 

Ks Potassiumsulphyl occupies the place of Ko Potassoxyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao"BaroxyL 

Cas" Calciumsulphyl „ Cao" Calciomoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are : — 

AsAgss trisulphargentic sulpharsenite (proustite), 

SbAgsg trisiilpliargentic orthosulphajitimoiute {^pyrargyrite or dark red 
silver ore), 

Sb2S"(Ou2FeS"3)''2 sulphocuproso ferrous pyrosulphantimonite {fahl ore), 

Sb2Pb8"3 trisulphoplumbic orthosulphantimonite {boulangerite). 

B\i^\>9f*^{CMS"ii" disulphoplumbio sulphoouprous orthosulphantimonite 
iPotMmonite), 
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Sb4S3Pb8'Tbs"jj trisulphoplumbic metasulpliantimonite* (Jamesomte). 

Treat another portion of the above SHo precipitate with NaHo or KHo and 
filter off. A black residue is likewise left, and on adding dilute HOI to the 
filtrate, AsaSa, SbjSa, SnS and SnSa are reprecipitated. 

This shows that the hydrates of the alkali metals dissolve a por- 
tion of the sulphides precipitated hy SH2 in Group II. The following 
equations explain the action of the alkaline hydrates : — 

Sb^Sa + 6KH0 = SbKs3 + SbKos -f 30Ha. 

AntimoniouB. Trisulphopotassic Tripotassic 

sulphide. sulphantimonite. antimonite. 

ASjSa + 4E:Ho = AsHsKsa + AsHoKo, + OH,. 

Arsenious Sulphhydric Hydrio dipotassic 

sulphide. disulphopotassic arsenite. 

sulpharsenite. 

2SnS + 4KHo = SnKsa + SnKo, + 20Ha. 

Stannous Disulphopotassic Dipotassic 

sulphide. sulphostannite. stannite. 

2SnS, + 4NaHo = SnSNas, -f SnONaoa + OH, + SH,. 

Stannic Disulphosodic Disodic 

sulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the snlphides, thus \~^ 
SbKss + SbKoa + 6HC1 = Sb^S, + 6KC1 + 80H,. 

Hence the metals which are precipitated by SH, in Group II 
can be subdivided by means of SAm, or NaHo into — 

A Metals whose sulphides act as sulpho-hases, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; GuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-acids, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. Mercury. Hg". — Occurs native, but is chiefly obtained 
from ci/nnabar or mercuric sulphide, HgS. 

EXAMINATION IN THE DRY WAT. 

Add a little finely-divided lead or zinc to a few globules of mercuiy on a 
watch-glass. The liquid metal mercury becomes thick and pasty by the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an CMnalgam. Other metals combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 

* This compound may also be viewed asSbsSsPbs^' (sulphoplumbicmetasulph- 
antimonite) and SbsSPbs^'s (sulphoplumbic pyrosulphantimomte). 



58 MERCURY. 

mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called wmalgamation process. 
Mercury can be separated agam by distillation, gold and sUver being 
left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely-divided condition, or in 
the form of foil — ^an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some ciiynahar in a small flask with, narrow neck, loosely closed with a 
piece of charcoal. HerS sublimes without undergoing any chemical change. 

Heat a little cinnnbar in a piece of glass tube open at both ends, and aUow a 
current of air to pass oyer it. Hg is seen to condense in the form of a metaUic 
mirror towards the further end of the tube, and SO3 makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test tube. Metallic mercury sublimes and sulphurous anhydride is 
given off, according to the equation : — 

HfirS + 2HgrO = Hg3 + SOj. 

' Introduce some dnndbar into a small tubulated retort connected with a two- 
necked receiver and gas deliyery-tube, and pass through thetubulus of the retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing over the HfirS indicates that combustion takes place. Mercury distils 
and condenses partly in the neck of the retort and partly in the receiyer. Sul- 
phurous anhydride issues from the deliyery-tube and is readily recognized by its 
pungent odour $ or it may be passed into water, and the solution tested with 
Utmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cmnaba/r is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and fines. The sulphurous anhydride is 
allowed to escape. 

HgS (as well as SAg2, AU2S3, PtS2) parts with its sulphur 
when roasted in the air, and yields the metal : it is in fact reduced to 
the metallic state hy oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAgj) first formed gives up its oxygen again to a fresh 
quantity of HgS (or SAg2). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SHi, CS2 (carbonic 
disulphide), CuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry CONaoj, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkaU metal. 
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REACTIONS IN THE WET WAT. 

Mercniy forms two series of salts : mercurous and mereiirie salts. 

It dissolves readily in nitric acid, even in the cold, forming mer- 
enrons nitrate, if the mercury be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition — 

ggHg,o" and gg^Hgo". 

Mercurous Mercuric 

nitrate. nitrate. 

Mercurous salts contain HgO : mercuric salts, HgO. 

Mercurous oxide. Mercuric oxide. 

The oxygen atom being in the one case linked to two atoms of 
the dyad mercury, thus, < hI/^j *'^® mercury atoms being held 

together by one of their bonds, as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : — Hg=0. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mercurous salts powerful reducing agents. 

On account of the insoluble chloride which 'Hg3' forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, we can either 

NO 

employ A solution of mercuric nitrate, jtq'*'^^^"' °^ mercuric 

CHLORIDE, HgCl2 (corrosive sublimate), 

BH.2 (sroup-reasent) added to HgCl2 gives a black precipitate 
of mercuric sulphide, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHj, a yellow precipitate which passes through 
ddrty yellow to brown, and becomes bUbck only when excess of SH.% 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of HgS and HgCU. 

[HgCl 
It may be represented by the formula < S" (dimercnrlc sulphodi- 

[HgCl 
chloride). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide ; 
soluble, however, in aqua regia and in potassic or sodic sulphide in 
the presence of sodic hydrate, but insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2HgS + NaO^Hgo". 

SAnX; gives the same precipitate. 
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NaHo or KHo added in excess produces a yellow precipitate of 
mercuric oxide, HgO, insoluble in excess. 

AmHo produces a white precipitate of mercuric salt and mereu- 
ramlde, known as the ^^ white precvpitate.^* 

N"'iH4Hg" + HgCla = 2(NHaHg"Cl). 

Mercurammonio 
chloride. 

CONao2 or COK02 gives a reddish hrown basic precipitate. 

KI gives a bright red precipitate of mercuric Iodide, Hgia, 
soluble either in excess of potassic iodide or of the mercuric salt. 
Hgl2, as well as HgCl2 and HgBr2, sublime unchanged. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, HgCy2j soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 

SM2* 

Mercuric salts are readily reduced to mercurous salts : — 
SnCls (stannous chloride) gives with mercuric salts a white pre- 
cipitate of mercurous chloride, Hg2Cl2, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

NO 
S02Feo" (ferrous sulphate) reduces ^Q^Hgo", but not HgCU, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

Mercuric salts act the part of oxidizing agents ; they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AND EXERCISES. 

1. What is understood by the terms sulpho'haaey sulpho-acidy sulpho-saU ? 

2. Define normal sulphides, sulphhydrates, and polrsulphides, and state how 

they can be distinguished by treatment with HOI. 
8. GKye instances of sulpho-salts together with the corresponding oxy-salts. 
4. Write out the graphic formulae of a few sulpho-salts and of the minerals 

houlcmgeritef jamesoniteffahl ore. 
6. Which metals form sulphides capable of acting as sulpho-acids, and which 

form sulphides capable of playing the part of bases ? 

6. Write out the formuJee, both symbolic and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of Aa, Sb, and Sn are boiled, 

1st, with SAmj, 2nd with NaHo ? Express the changes by equations. 

8. Giye the graphic formulse of cinnabar, dimercuric sulpho-dicMoride, of whUe 

precipitate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

giyes with the group and special reagents. 

10. Calculate the percentage composition of white precipitate, 

11. How much metaUic copper will have to be dissolved, in order to precipitate 

2 grms. of Hg from a solution of mercuric chloride P 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Give proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 
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13. How is corrosive sublimate manufactured, and whence does it derive its 

name ? 

14. 1'5 grm. of ^gCi^ is precipitated as HgrS and collected on a weighed filter. 

How much by weight of HgrS should there be obtained ? 

15. Cinnabar is sometimes found adulterated with red lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities from each other is required). 

16. What reaction takes place when mercuiy is acted upon by concentrated sul- 

phuric acid P and by what consecutive stages is the product of this reaction 
converted into white precipitate ? 

17. How much metallio mercury will 100 lb. of cinnabar yield when distilled 

with lime ? 

18. What is the percentage composition of an amalgam containing Sn4Hg ? 

2. LEAD, Pb" and *^.— Only a slight precipitate of PbS is for 
the most part obtained in Group II, since the greater part of the 
lead is removed in Group I as PDCI2. It happens frequently that 
this^mall quantity of lead is not precipitated by SH2, on account 
of the solution being too acid (HCl), or too concentrated, in which 
ease a little lead is fouQd in Group. Ill, and is often mistaken for 
some other metal. It is necessary, therefore, to dilute a portion of 
the filtrate from Group II considerably and to pass a current of 
SH2 through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 



3. BISMUTH, Bi'" and ^.— This metal is principally found 
native ; also in combination with oxygen and sulphur, as bismuth 
ochre, Bi203, from the decomposition of hismuth glance, 31283, and 
in the form of sulpho-salts, as kohelUte, Bi2Pbs"3 (trisulphoplumbio 
orthosulpho-bismuthite), and as needle ore, Bi2Pbs"2('Cu'2S2)", 
disulphoplumbo- cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DRY WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oranse yellow, while hot, lemon yellow, when 
cold, passing at the edges into a blulsli white. The incrustation can 
be driven from place to place by either flame, without colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi203 gives beads which are yellowish, when hot, 
and colourless, when cold. AU bismuth compounds can be reduced 
to the metallic state by heating on charcoal with C0Nao2, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver Beads.) The incrustation is yellow, 

examination in the wet WAT. 

Bismuth dissolves readily in nitric acid, forming NsOeBio'". A 
solution of this salt is conveniently employed. 
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SH2 (sroup-rea^ent) gives a "brownish hlacJc precipitate of 
bismnttaoiis Bulpbide, 61283, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline sulpliiaes give the same precipitate. 

KHo, NaHo and AmHo produce a white precipitate of bls- 
mnthons bydrate, BlHos, insoluble in excess ; on boiling it turns 
yellow, i,e., it becomes anhydrous (Bi203). 

COAmo2 or CON'ao2 throws down a white hulhy precipitate of 
basic carbonate Qmmuthylio carbonate) (consisting of one mol. of 
carbonate and two of the oxide, C303Bio"'2, 2Bi203) = CO(Bi02)'2> 
graphic formula : — 

0=Bi— O—C— 0— Bi=0 

II 


in which the compound radical bismutbyl, BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

Cr205Ko2 gives a yellow precipitate of basic ctaromate (consisting 
of one mol. of bismuthous hexachromate, Cr60i6Bio"'2, and two mol. 

rCr02(Bi02)' 
of bismuthous oxide, 2Bi20s) = < O readily soluble in 

LCr02(Bi02)' 
dilute nitric acid, insoluble in potassic hydrate. (Distinction from 
Plumbic Chromate.) 

SO2H02 gives no precipitate. (Distinction from Lead.) 

EI produces a hroton precipitate of blsmntbous Iodide, Bils, soluble in 
excess. 

KGy produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided, 

OH2 gives with BiOls a white precipitate of bismutbons oxycblo- 
ride (consisting of one mol. of Bi20s and one of BiCls), BiOCl, 
which is almost absolutely insoluble in water, but soluble in hydro- 
chloric acid, from which it is reprecipitated on the addition of 
ammonic or sodic chloride. BiOCl is insoluble in tartaric acid. 
(Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that Bi203 is a very indifferent and weak base. 

There are several other oxides known, e.g., blsmntblc oxide or 
anhydride, Bi20fi, which parts readily with two atoms of oxygen, 
when heated or acted upon by reducing agents. 
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QUESTIONS AND EXERCISES. 

1. How can Bi be separated from Ag, Pb, or Hg ? 

2. Express in symbolic equations the reactions -wliieli a bismuthous salt giyes 

•witb different reagents in the wet way. 
8. Give the graphic formulsB for bismuthous nitrate, bismuthons oxide, bismuth 
glance, bismuthous oxychloride. 

4. Calculate the percentage composition of an alloy of 1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 

5. 1*245 grm. of BisOs are o}}taraed from 10 c.c. of a solution of normal bis- 

muthous nitrate. How much metallio bismuth does a litre of the bismuth 
solution contain ? 



4. COPPER^ Cu". — ^This metal is found native ; also in combi- 
nation with OXYGEN and sulphur, as red copper ore or ruby ore, CU2O, 
as vH/reous eoPper op copper glance, CU2S, and indigo copper or hive 
copper, 'CuS ; more frequently as copper pyrites, PeaSsjCUgS = 

I PeS^^^*^^) "' (di^^srric cuprous tetrasulphide), and variegated 

{Fe 
PQ(Cu2Sa)"3, (diferric 

tricuprous hexasulpbide) ; also as fahl ore, houmonite, etc. ; in 
combination with carbonic acid, as basic carbonate, malachite^ 
CO(OCuHo)'2, and azurite, mountain blue, or copper azure, 

rm^Q^^nCuo" ; witb sulphuric acid, as blue vitriol, S02Cuo",5OH2; 

with PHOSPHORIC ACID, as phosphorocaldte, libethenite ; with ARSENIOUS 
ACID, as tenruim,tite ; silicic acid, as diqptase, and others. 

EXAMINATION IN THE DRT WAT. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
student to distinguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is yreen whilst 
hot, bine on coolvag. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an intense sreen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with CONao2 and KOy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CuO behind. Malachite or aav/rite gives 
off water and carbonic anydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Gupric phosphate, arseniate, and silicate fuse 
to coloured glasses. 

Metallic copper is not affected in diy air at the ordinary temperature, hut 
is readily oxidized when heated in air or oxygen and conyerted into hlack 
oupric oxide. Hydrochloric acid in the presence of air dissolves copper but 
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slightlj, forming OU3CI2 > nitric acid is the most active solvent for copper (as it 
is for Ag, Hg, Pb and Bi), forming cupric nitrate. Sulphuric acid (concen- 
trated) dissolves copper, on heating, with evolution of SO2, and formation of 
SOgCuo". 

SO3H03 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in preference 
to other methods. 

EXAMINATION IN THE WET WAT. 

A SOLUTION OF CUPRIO SULPHATE, SOjCuo", Or CUPBIC NITRATE, 

NO 

jq./^'^Cuo", may conveniently be employed. 

SH2 (trroup-reaireiit) gives a brownish hlach precipitate of cnprie 
sulphide, CuS, insoluble in dilute acids ; slightly soluble in yellow 
ammonic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides, or caustic alkalies. CuS is rapidly oxidize& to SO2CU0" 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAm2 produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (S6Am2). 

NaHo or KHo gives a light blue precipitate of cupric hydrate, 
CaHo2. The precipitat-e turns black on boiling and becomes denser. 
Three molecules of CUH02 lose two molecules of OH2 and leave 
3CuO,OH2 (graphic formulaH— 0— Cu— 0— Cu— 0— Cu— O— H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red cuprous oxide, CU2O. 

C0Kao2 produces a greenish blue basic carbonate, of the com- 
position CO(OCu"Ho)'2, graphic formula = C<^q~Cu— 0~H' 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3CuO,OH2. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or COAmo2, when added in small quantities, produces a 
greenish blue precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of cuprammonie 
hydrate, N^2ll6Cu"Ho2, and ammonic sulphate, or ammonio-cupric 

sulphate, symboHc formula, SHo2Amo2 F ■pjTT^C/u02 |", whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonie hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperature. 

KCy gives a greenish yellow precipitate of cupric cyanide, CuCyj, 
soluble in excess. SH2 produces no precipitate from this solution. 

K^FeCye gives a reddish brown precipitate of cupric ferrocyaaide, 
Cu2FeCy«, insoluble in dilute acids, decomposed by potassic or sodio 
hydrate, with separation of 30uO,OH2. Even in very dilute solu- 
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tions of copper salts a brownish colour is produced, — ^best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence K^YeCje supplies 
one of the most delicate reactions for copper salts. 

Metallic* zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Bright copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Pb, Hg, Ag, 
Au, Pt are also indiiferent to dilute hydrochloric or sulphuric acid, whilst zinc 
and iron are readily dissolved with eyolution of hydrogen, the metals taking the 
place of the hydrogen in two molecules of hydrocMoric acid. 

By the aid of voltaic electricity, however, we are enabled to dissolve metals 
in dilute hydrochloric or sulphuric add, which are either not dissolved at all, 
such as copper, or dissolve only with diflSculty, such as the metal tin. This is 
done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 
wire, placed in dilute sulphuric acid, contained in a glass basn, as seen in Fig. 7. 
The negative pole, 5, consisting of a platinum 
wire fused to a strip of platinum foil, dips 
likewise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric salt, 
and the sheet of metallic copper or the copper 
wire dissolves after some time. Hydrogen is irio. 7. 

evolved at the negative pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is very energetic when we call voltaic electricity to our 
aid. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by voltaic electricity. Hydrogen is obtained at the 
negative and oxygen at the positive electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are evolved at the respective poles. Now, if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
evolved at the positive electrode. If the positive electrode consists, however, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is liberated on the positive 
electrode, or as it is termed in its nascent state (in statu nascendi), and hydrogen 
alone is evolved at the negative pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, e.ff., cupric sulphate, SOsCuo" and dip the 
two electrodes into it, we observe at the negative (platinum) electrode instantane- 
ously a red film or deposit of metallic copper, whilst at the positive electrode, 
consisting of metallic zinc, no evolution of gas is visible, since the zinc is acted 
upon by the acid liberated from the copper, and is converted thereby into 
SOjZno". An equivalent quantity (65 parts by weight) of zinc remains dis- 
solved in the acid for the 63*5 parts by weight of copper, precipitated on the 
platinum foil or crucible-lid. In this manner the amount of copper present in a 
Bolution may be determined quantitatively. The undissolved zinc and zincic salt 

F 
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are remoTed and the platinum with its deposit of copper dried and weighed. The 
total weight, minus the previous weight of the platinum, gives the weight of the 
metallic copper. 

It will be readily perceived that this and other similar experi- 
ments furnish valuable illustrations of the atomic theory, and they 
acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
such as plaster of Paris, gutta-percha, etc. {electrotype process). 

Pass a voltaic current through a solution of cupric chloride, OuCls, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed hy its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot he perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer from this that the copper is trans- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues, as long as the positive electrode lasts ; 
and the sahne solution in the decomposing vessel retains its original strength thua 
&r unaltered. 

If a properly prepared mould or matrix of some object be hung in the metalUo 
solution and connected with the negative pole of a voltaic battery, copper will b« 
slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with silver, and an equivalent quantity of copper,. i.e., 63*5 
parts by weight, is dissolved from the positive copper electrode, and 216 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower or cwprous oxide, CUgO, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oxygen ; it is analogous in constitution 
to the important copper ore, CUgS, thus : — 

I'Hg'^ VCu'^ I'Cu'^- 

Mercurous oxide. Cuprous oxide Cuprous sulphide 

(r&i copper ore), {copper gUmce), 

Cuprous oxide is a feeble base ; it forms with concentrated 
hydrochloric acid cuprous chloride, CUaCla, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a cuprio 
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salt. CnproTis chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OP CUPROUS CHLORIDE, CUaCl2, in Concentrated 
hydrochloric acid, add 

OHj, a white precipitate of CU2Cl3 is produced. 

KHo gives a yellow precipitate of cuprous taydrate, CUzHoj, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or SOaFeo", precipitates from 
cupric salts greenish white cuprous lodiae, 0112X2, soluble in excess. 
Both sulphuroDS acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SOjHoj and S306Fe20^, thus : — 

(1) 2SO2CU0" + 2S02Feo" = SO2CU20" + SsOeFejo^. 

Cupric Cuprous 

sulphate. sulphate. 

(2) SO2OU20" 4- 2KI = OUala + SOjKOa. 

Cuprous 
iodide. 



QUESTIONS AND EXERCISES. 

1. How does copper occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

8. Write out the graphic formulee for malachite j copper ff lance , azurite, and blue 

vitriol, ammonio-cupric sulphate, cuprous iodide. 
4. Explain what takes place — 

Ist. When copper is treated with concentrated NO2H0. 
2nd. „ „ „ S02Hoa. 

Srd. ,) „ „ SCI. 

Gire equations. 

6. Giye instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt ? 

7. How much metaUic zinc is required to precipitate 1*5 grm. of copper from a 

cupric solution ? 

8. A sample of iron pyrites which has been used for manufacturing sulphuric 

acid is found on analysis to contain 4'66 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

9. Explain the electrotype process. 

10. What is understood by nascent hydrogen ? 

11. What is the percentage of metallic copper in malachite ? 

12. How is Cu separated from Ag and Pb ? 

13. How can copper in CuS be separated from bismuth in Bi^Ss ? 

14. What change takes place when metaUic copper is heated in air ? 

15. How much hydrogen gas at 0° and 760 mm. pressure) is required to deprive 

10 grms. of ignited cupric oxide of its oxygen, and how much water will 
be obtained ? 

F 2 
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5. CADMIUM^ Cd". — This metal is found in nature, associated 
•with zinc, in certain zinc ores, e.g., zinc blende ZnS. It is of com- 
paratively rare occmrence; only one mineral of cadmium being 
known at present, viz., the extremely rare greenocMte, CdS. It can 
be distilled like mercury or zinc. Being more volatile than metallic 
zinc, its vaponr distils over first, and bums with a brown flame 
(brown blaze), i.e., it is converted into cadmic oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd -f 2KHo = CdKoa + Hj. 

EXAMINATION IN THE DRY WAY. 

Cadmium compounds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
crustation, ^.e., they are readily reduced to the metallic state; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more difficulty, when it 
is in combination with zinc, as for instance in cad/miferous blende. 
"Bj heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, .for a few moments only, on charcoal, a slight 
brown incrustation is generally obtainable, before the zinc is volati- 
lized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowish, whilst hot, colourless when cold. 

REACTIONS IN THE WET WAY. 

We employ A solution op cadmic chloride, CdCla, or sulphate, 
SOaCdo". 

SH2 (sroup reagrent) gives from dilute solutions a Jme yellow 
precipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

SAm2, same precipitate. 

EIHo, a white precipitate of cadmic hydrate, CdHoa, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

COAmog (free from AmHo) a white precipitate of cadmic car- 
bonate, COCdo", insoluble in excess. 

OONaoj, same precipitate. 

KCy gives a white precipitate of cadmic cyanide, CdCya, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallip zinc precipitates cadmium from its solutions. 

QUESTIONS AND EXERCISES. 

1. Describe three methods of separation of Cd from Cu. 

2. How is Cd separated from Zn ? 

3. How is Cd separated from Pb, Ag, and Bi P 
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4. How much cadmio sulphide can be prepared from 10 grms. of crystallised 

cadmic sulphate, S02Cdo",40H2 ? 

5. What takes place when greenocJcUe is roasted in a gfibs tube open at both 

ends? 

6. How is the metal cadmium oonrerted Ist into oxide, 2nd into chloride, 8rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide ^'^ 

8. Tou are requested to convert 10 grms. of cadmic sulphate into cadmic bro- 

mide ; how would you proceed, and how much CdBr^ should there be 
obtained ? 

Separation of the metals of Subdivision A, Group II, viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HYDRATE. 

The precipitate produced by the group-reagent SHg, which is 
insoluble in amnionic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

Ist. Insoluble in alkalies and alkaline sulphides, and 

2nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
Bi2S3, CuS, and CdS, with separation of sulphur ; mercuric sulphide 
being «>luble only in aqua regia. Hence by boiling with mode- 
rately^J^ncentrated nitric acid (in the absence of HCl), we can 
separate mercury from the other metals of subdivision A. Concen- 
trated nitric acid converts PbS partially into S02Pbo", by the 
simultaneous oxidation of the sulphur. We should, therefore, obtain 
in the residue HgS, as well as S02Pbo" and sulphur. But as the 
whole of the PbS can be converted into SOgPbo" only by boiling 
with fuming nitric acid, and as S02Pbo" is slightly soluble in con- 
centrated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (SOgPbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which maybe white, indicative of the 
presence of S02Pbo", or black, from the presence of HgS and sul- 
phur. The solution contains the metals Bi, Cu, Cd. 

Examination of the Residue. — SOjPbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonio 
acetate, we are able to dissolve out the S02Pbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is left, and if no mercury has been indicated by 
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tlie reactions in tlie dry way. The presence of both, lead and 
mercury shonld, however, invariably be confirmed by special tests ; 
viz., the lead by means of Cr02'Ko2, and the mercury, by heating 
the dry residue in a bulb tube with dry sodic carbonate. 

Examination of the Solution. — We have seen that AmHo 
precipitates BiHos, which is insoluble in excess, whilst CuHoz and 
CdHo2 are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHo2 would be likewise precipitated). The precipitate is 
filtered off and well washed, then redissolved in a little hydrochloric 
acid, and precipitated by the addition of water. The ammoniacal 
filtrate is of a fine azure blue colour, when copper — even in small 
quantities — ^is present. If colourless, and if, by the addition of SHj 
a fine yellow precipitate comes down, we infer that no copper is 
present, but only cadmium. If a black precipitate comes down, on 
passing the gas through the slightly acidulated (HCl) solution, we 
infer the presence of copper and possibly of cadmium. These two 
metals can be separated either by means of KCy (CdS being inso- 
luble in potassic cyanide), or dilute sulphuric acid (CuS being inso- 
luble in hot dilute sulphuric acid). Filter again; in the one case 
copper is left in solution, in the other cadmium. It is not diflGlcult 
to identify these two metals by special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

Ist. The insoluhiUty of HgS m nitric add, 

2nd. The formation of SOaPbo", a/nd its solubility in a/mmonic 
acetate, 

3rd. The insolubility of BiHos m excess of ammonic hydrate. 

4th. The insolubility of CuS in dilute sulphuric acid, or its solu" 
bility in potassic cyanide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

You are requested to analyse — 

1. A sample of galena j in the dry way only, 

2. A hydrochloric acid solution, containing much mercuric and little plumbic 

chloride. 
9. A mixture of the solid salts, blue yitriol, corrosive sublimate, and white 
vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

5. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

7. A solution of cupric, cadmic, and zincic sulphates, containing 0*50 grm. of 

Cu, -020 grm. of Cd, and 500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing *050 

gnn. of Hg, -600 grm. of Pb, and -100 grm. of Bi. 
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10. A samide of copper glance^ in the dry way only. 

11. A sample of mciachitei in the dry way. 

12. A Bolution of plumbic and biBmuthous nitrates (to be distinguished by means 

of OiKDaKoa and NaHo). 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, OdS, and ZnS, is roasted 

in a current of air ? 

15. Tou have given to you a solution of cuprio sulphate, dipotassic tartrate, Fodic 

hydrate, and grape sugar? what changes can you produce with these 
materials ? 



Group II. Subdiviston B. 

1. TIN, Sn" and *^. — This metal is found in nature mainly in 
the form of Unsione or cassiterite, SnOj, sometimes combined with 
sulphur, as tin pyrites, S11S9 (hell-metal ore) , 

EXA.MINATION IN THE DRY WAY. 

When tin minerals are fused on charcoal, with CONaoa and 
KCy, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of SnOs. If this white incrustation be treated with a solu- 
tion of cobaltous nitrate, and strongly heated, it assumes a bluish- 
^reen colour, which is characteristic of tin. 

By introducing into a borax bead — in which sufficient cupric oxide has been 
difi^ed to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish brown, or forms a ruby- red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be f nsed with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited BocheUe salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnCU, readily in aqua regia with for- 
mation of S11CI4. Nitric acid converts tin into metastannic acid, 
SllsOsHoio, which by evaporation and ignition is converted into 
Sll02. 100 parts by weight of metallic tin when thus oxidized, 
are found to increase to 12 7* 6 by weight (atomic weight of Sn = 
118). 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SX1OI2, the metal exists as a 
dyad, and in stannic chloride, SnCU, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannous compounds. Stannic compounds, 

Sn^Cls Stannous chloride. S]i*^Cl4 Stannic chloride. 

Sn'^O „ oxide. Sn^^Oj „ oxide (anhydride). 

SO^no'' „ sulphate. Sn^^Sj „ sidphide. 

2o*Sno" „ nitrate. 

Sn'^S „ sulphide. 
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Stannic acid, SnOHog, combines not only with tlie strong alkali 
bases, OK2, ONaj, but even with, stannous oxide, SnO, to form 
staunates, e.g,, SnOKoj, dipotassic stannate, SnOSno", stannous 
sfcannate. 

A. Stannons componnils. — A SOLUTION OF STANNOUS CHLOBIDB, 
SnC]2, is employed. 

SH2 (f^oup-rea^ent) gives a darJc brown precipitate of stannous 
sulphide, SnS, insoluble in ammonia ; nearly insoluble in normal 
ammonic sulphide, but readily dissolved by the yellow sulphide : 
from this latter solution it is reprecipitated as yellow stannic sul- 
phide, SnSa, on the addition of hydrochloric acid ; it is also soluble 
in potassic or sodic hydrate, from which hydrochloric acid precipi- 
tates SnS unchanged. Soluble in boiling hydrochloric acid. 

SAm2 gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stannous 
hydrate, S11H02, readily soluble in excess to S11K02 (dipotassic 
stannite). 

AmHo or COAmo?, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. SnGl2 combines with two more atoms of chlorine to become 
converted into S11CI4, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or stannosum, as it is sometimes called) has two bonds 



left unsatisfied or lateiit, thus :«^ 01 — Sn-^Cl, whilst in tetrad 



CI 

tin (stannicum) all the bonds are satisfied, thus : — CI — Sn — CI, or 

CI 
0=Sn=0. 

HgrC^s added to a solution of SnCl2 produces first a tohite precipitate of 
mercurous chloride, H8r20l2, and when boiled with excess of SnCla, yields 
a greyish powder of metallic mercury. 

NOsAgo gives with excess of SnClg a finely divided black precipitate of 
metallic silver — 

2Sna3 + 2N02Ago = Agj + ^Q^Sno" + SnC^. 

OUCI2 is reduced by SnOls to cuprous chloride, OtL2Cl2, with formation 
of SnCU. 

FeaClg yields two atoms of chlorine to SnClj, forming SnCl4, and leaying 
two molecules of PeClg. The yellowish solution turns green. 

AuCls giyes with SnCl2 a purple precipitate (purple of casHus), to which 
the formula SnOAujo" + SnOSno" + 4A.q (sometimes viewed also as Auj + 
dSnOj), has been assigned. The change may be expressed thus :— • 

2AuOl8 + SSnCls + 6OH3 = Aus + dSnOa + 12HC1. 

This is a most delicate reaction. 
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B. Stannic componnds. — ^A SOLUTION OF STANNIC CHLORIDE, SnCli, 
is employed in studying the reactions of Sn*^ in the wet way. 

SHj (yroup-reasent) gives a yellow precipitate of stannic snl- 
plildc, SnS2, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia; soluble, 
although somewhat difficultly, in ammonic hydrate (Distinction 
FROM SnS), and nearly insoluble in ammonic carbonate. 

SAni2, same precipitate, soluble in excess. 

KHo or AmHo produces a white precipitate of stannic hydrate, 
SllOHo2, or stannic acid, which is completely soluble in excess, 
forming dipotassic stannate, soluble in hydrochloric acid. 

COAmoa or CO!N'ao2 precipitates white stannic acid, SnOHos, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, ammonic nitrate (in fact, most neutral salts) . Metastannio 
acid (SilsOsHoio) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

5SnCl4 4- 20SOaNaoa + ISOH^ = SHsObHoio + 20NaCl 

+ 20SO2HoNao. 

SSnCU -f 20NOaAmo + ISOHj = Sn^O^Oio + 20AmCl 

+ 2ONO2H0. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic tin in the form of grey laminae, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus: — 

SnCU + Sn = 2SnCl2. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, on account of the great attraction which stannous 
salts possess for oxygen, thus : — 

(1) SnCla + O = SnO + CI2. 

(2) SnCla H- Ola = SnCl4. 

(3) SnO + 2HC1 = SnOla + OHa. 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of staimic 
chloride. 

QUESTIONS AND EXEECISES. 

1. How do you detect a stannic salt in the presence of a stannous salt P 

2. Q-ive the constitutional and graphic formulse for meta^tannic and stannic 

acids, stannous and stannic chlorides. 
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3. How cftn the correctness of the atomic weight assigned to tin be shown 

experimentallj ? 

4. Why does a chemical change take place when SnOls and HfirClj &i^ heated 

together ? 

5. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7. How would you analyse an alloy consisting of Fb, Gu, Bi, Sn P 

8. A tinstone yielded on analysis 77*5 per cent, of metallio tin ; how much SnOf 

did it contain ? 

9. How much chlorine gas by weight and by Tolume (at 0® and 760 mm.) will be 

absorbed by 10 grms. of SnOlj ? 
10. Express in symboHc formulsB the equations for the reactions, in the wet way, 
of stannous and stannic chlorides. 



2. ANTIMONY, Sb'" and \— This metal is found native; also 
in Combination with oxygen as white antimony, SbjOs, but more 
frequently as sulphide, Sb.^Ss {grey omtimony), and in combination 
with other metallic sulphides (AgsS, PbS, 'Cu'^S), as sulphanti- 
monite and sulphantimoniate. 

EXAMINATION IN THE DRY WAT. 

On heating metaUic antimony or an antimony mineral, e.g., grey 
antimony, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus : — 

SbjSs + 0, = SbaOs + 3S0a 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONaOj and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of SbjOs (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

. EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently, forming with it SbCls or 
SbCU, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal; aqua 
regia dissolves it readily to fifbCls. Nitric acid converts it into a 
compound containing SbsOa and SbaOs, insoluble in nitric acid| 
soluble in tartaric acid. Qrey cmtimony, SbgSs, as well as Sb2S6, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three or five atoms of chlorine, etc., viz. : — 
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A»tifnonious compounds, Antimonic compounds. 

Sb'^Cla, Antimonioiifl chloride. SVClg, Antimonio chloride. 

Sb'^sOa, „ oxide. Sb^jOs, » oxide. 

Sb'^sS,, „ sulphide. Sb^jS,, „ sulphide. 

Sb'^'OHo, Metantimonious acid. Sb^OsHo, Metantimoxiic add.* 

Both these acids can enter into combination with, strong bases, 
gnch. as potassa, or soda, to form weak salts, — ^metantimonites and 
metantimoniates, viz. : — 

Sb^'^OKo, Fotassio metantunonite. 
SV02£o, Fotassio metantimoniate. 
Sb^OsNao, Sodic metantimoniate. 

Sb'^03(Sb'"02)', antimonyKo metantimoniate, or < /gwyr)'! dian- 

timonic tetroxide, is formed when antimonic oxide (obtained by dis- 
solving antimony in nitric acid) is ignited. This compound is of 
some importance, as it serves for the quantitative estimation of 
antimony. 

A. Antlmonlons compounds. — ^A SOLUTION OF ANTIMONIOUS CHLO- 
EIDB, SbCls, is employed for the reactions in the wet way. 

Sn^ (yronp reasent) gives an orange red precipitate of antlmo- 
nious solpliiae, Sb2S3, soluble in alkaline sulphides and in potassic 
or sodic hydrate; reprecipitated by hydrochloric acid; slightly 
soluble in ammonic hydrate, insoluble in hydric ammonic carbonate 
and in hydric ammonic or hydric potassic sulphites. It dissolves in 
boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dilute hydrochloric acid solution the SbCls exchanges its chlorine in the cold 
for sulphur, with precipitation of SbjSs, whilst boiling concentrated hydrochloric 
acid diflsolyes SbsS^ readily with eyolution of SHj. 

SAm2 produces the same precipitate as SH2, soluble in excess. 

KHo or NaHo precipitate cmtimonwua oxide, Sb^Os, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

C0Am02, OOK02, or C0Nao2, same precipitate. 

OH2 decomposes SbOlj, forming a white insoluble hasic salt, 
antimonloas oxychlorlde, SbOCl, soluble in tartaric acid. (Dis- 
tinction PEOM BiSMUTHOUS OXYCHLORIDB, BiOCl). Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 

rC0(Sb'"02)' 

1 ClTTTn 

(tartar emetic) < nHHo ' ^'^^ alkalies and alkaline carbonates 

[cOKo 
produce a partial precipitation only after some time. 

MetalHc Zn, Cu, Cd, Fe, Co, Sn, and Pb precipitate the metal 
in the absence of free nitric acid as a black powder. 

* Orthantimonic acid, SbOHos, and pyrantimonic acid, Sb203Ho4 (said to be 
formed when antimonic chloride is decomposed by water), are little known. 



76 ANTIMONIOUS COMPOUNDS. 

An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal from a dilate hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHs (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. Tin cannot be precipi- 
tated on platinum. It is precipitated by zinc, and is readily soluble 
in hot dilute hydrochloric acid. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphically — 

CI 

chl 'de ^Sb<f^^^^ *^° bonds left unsatisfied or latent, 

cr /^ 

whilst pentad antimony in Sb^Clg or Sb^OCla (oxy- trichloride), has 
all its bonds satisfied, thus : — 



CI 



O 



Antimonic CK I ^Cl . . ^, J,', r^^ 

chloride. >^b< «^y-*^- Cl-S»>-01 

C/ ^Cl chloride. I 

Ol 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a current of chlorine gas is passed over solid SbCls, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbCls + CI3 » SbOls. 

Solid Liquid 

antimonious antimonic 
chloride. chloride. 

Sodic metantimonite, SbONao, is oxidised, in the presence of sodic hydrate, 
by free iodine, with formation of sodic metantimoniate, SbOaNao, and I^al, 
thus: — 

SbONao + Is + 2NaHo » SbOsNao + 2NaI + OHs. 

A hydrochloric acid solution of SbCls reduces AuClj to metallic gold 
(frequently with separation of SbOsHo), thus i-^ 

dSbCls + 2AuCa, » SSbClc + Aus. 

Sodic metantimonite is oxidised in an alkaline solution by argentic oxide, 
OAgj, to sodic metantimoniate, argentous oxide, 0Ag4, being formed, which 
is insoluble ia ammonic hydrate, OAgs, being readily soluble. (DiSTivoTioir 

BBTWEBN SbjOs AND SbsO«.) 



9 Qf this gas more at page 86. 
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The seyeral reactions may be expressed as follows : 

(1) SbCls + 4NaHo = SbONao + 3NaCl + 20Hj. 

Sodic 
metantimonite. 

(2) 2N02Ago + 2NaHo = OAg, + 2N02Nao + OH2. 

Argentic oxide 
(insoluble in NaHo, • 

soluble in AmHo). 

(8) SbONao + 20Ag3 » SbOsNao + 0Ag4. 

Black argentous 
oxide, insoluble 
in AmHo. 

SSONao2 (sodle byposnlphite) reduces antimonious compounds to metaUio 
antimony, which combines with sulphur and forms Sb-jSg, thus : — 

SSSONaos + SbjOs » SbjSs + aSOaNaos. 
B. AntllllOlliC eomponnas. — A SOLUTION OF POTASSIC METANTIMONI- 

ATE, Sb02Ko, may conveniently be employed for studying the 
reactions in the wet way. 

This salt is prepared by fusing metantimonic acid, Sb02no, 
with a large excess of K Ho, in a silver crucible, and dissolving the 
mass in cold water. Fused with, caustic soda, a sodic mete^nti- 
moniate is obtained, which is insoluble in water. 

Sb02Ko is readily decomposed by concentrated acids (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SHa gives from a solution of SbOjHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbjSs, mixed with 
SbjSs and S; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH2 and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

S02Feo" does not reduce antimonic compounds. 

N02Ago, added to an alkaline solution of SbOaKo, yields, for 
obvious reasons, only OAgj, readily soluble in ammonic hydrate. 

AtUinumic compounds, like stannic salts, can, under certain condiiions, also act 
as oxidizing agents, e.g. : — 

On igniting antimonic anhydride, it splits up into Sb204 and oxygen. 

SnCl2 precipitates SbOHo from a hydrochloric acid solution of SbOjHo, 
the SnCl2 being converted into SnO^. 

On boiUng a solution of Sb02Ho in hydrochloric acid with potassic iodide, 
iodine is hberated, colouring the solution brown. (SbClf is in fact frequently 
employed for the purpose of conveying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbClf, on being heated, together with 
2KI, forms SbCls -f I2 + 2KC1. The liberated iodine is readily recognized by 
means of starch paste, when the highly delicate and characteristic blue iodide of 
starch reaction is obtained. (Distinction betwben antimonious and anti- 
monic OOMFOUNDS.) 
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QUESTIONS AND EXERCISES. 

1. How is antiiDonious chloride prepared? What change does it undergo 

when water is added to it ? 

2. How can the metal antimony be obtained from grey antimony ore ? 

3. By what characteristic reaction can antimony compounds be recognized when 

examined in the dir way ? 

4. What is the action of concentrated nitric acid upon metallic antimony? 

Explain the change by an equation. 

5. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fe upon a solution of SbClg. 

7. What evidence have we to show the triad and pentad nature of Sb ? 

8. Give illustrations of the reducing action of antimonious compounds, e.g,^ anti- 

monious chloride. 

9. Give instances of the oxidising action of antimonic compounds, e.g.^ metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi ? 

12. Express by symbolic equations the reactions for antimony in the wet way. 

13. Calculate the percentage composition of white antimony and antimonious 

oxychloride. 

14. 1 grm. of a sample of grey antimony yielded on analysis '854 grm. of 81)204 ; 

what per centage of antimony does the ore contain ? 

15. How would you separate Sn from Sb, in the dry way ? 

16. How much Sb204 by weight will 1*32 grm. of metallic antimony yield ? 

17. How much chlorine by weight and by volume (at 0° C. and 760 mm.) is re- 

quired to convert 10 grms. of SbOls into SbCl^ ? 

18. How much oxygen gas by weight and by volume (at 0° C. and 760 mm.) can 

be obtained by igniting 5 grms. of Sb^O^ ? 

19. Describe the preparation of potassic metantimoniate. 

20. How much Pb and Sb have to be employed to prepare 50 lb. of type metal, 

an alloy having the composition Pb4Sb ? 



3. ARSENIC, As'" and '^.— This body constitutes one of the 
most widely difiPased elements in nature. It is found native, but 
exists most frequently in combination with sulphur as realgar^ 

{AsS" 
Aa^'" ^^ diarsenious disulpbide, and as orpiment, AsS\ or 

arsenions sulphide (sulpharsenious anhydride) ; in combination with 

f "As' . f 'As"Ni 

jaetoAsiiexistsm arsenical nicJcelf< ffj^f^h copper nickel, < /Aa"N*» 

f "As' 
and in smaltine, i // An'^^' ^^^^^^ ^^^ ^ some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 

frequently found in combination with metallic sulphides, such as the 

sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

f "As' 
mispickel, or arsenical pyrites, < „ * g/Fe",Pe*^Sa, in nickel glance op 

{"As' ... f "As' 

// A ,Ni",Ni*^S2, and in cobalt glance < //Ao/Co", 

Co^^Sa. Arsenic occurs also in the form of metallic arseniates, such 
as calcic, magnesic, nickelous, cobaltous, plumbic arseniates ; for 
example, in the mineral pharmacolite, AS203Cao"2, 60Ha (calcic 
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pyrarseniate), in nickel ochre, As202Nio"8,9OH2, in cobalt hloorrif 
As,02Coo"8,8OH8, and in mimetedte, 3(As808Pbo"8),PbCl,. 

Traces of arsenic are almost invariably found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DRY WAY. 

Arsenic can be completely, volatilized. When heated in contact 
with air, either on charcoal or in an open tnbe, it barns and forms 
arsenions anhydride, As^Os, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arseniate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are 
poisonous. The reaction 
being so very delicate, 
small quantities only of 
the substance should be 
operated upon. 

When arsenical compounds 
are heated in a bulb-tube. Fig. Fio. 8. 

8, a, mixed with a proper re- 
ducing -agent (such as sodic carbonate and charcoal powder or black-flux), 
metaUic arsenic subUmes and is deposited in the shape of a lustrous steel grey 
mirror, d, in the upper part of the tube. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenions chloride, A6OI3. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenions and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
series of salts, arseniies and arseniates. 

■-:/ 

^0 ^. Arsenions componnds. — ^We may employ either a solution 
OF Aesenious ANHYDRIDE, ASaOa, in dilute hydrochloric acid, or an 
AQUEOUS soLUTtON OP AN AESENiTE, AsKoa (tripotassic arsenite). 

SH2 (sroup-reasent) produces in an acid solution of ASjOs 
a lemon yellow precipitate of arsenions snlphide, AS2S3, readily 
soluble in caustic alkalios, in alkaline carbonates and sulphides 
forming alkaline arsenites and sulpharsenites ; it is reprecipitated 
from any of these solutions on the addition of dilute hydrochloric 
or nitric acid. It is nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric acid. On digesting 
freshly precipitated arsenions sulphide in a solution of hydric 
potassic sulphite, SOHoKo, and excess of sulphurous acid, the yellow 
precipitate is dissolved, and the solution contains potassic metar- 
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senite, and potassic hyposulphite, after driving off the excess of sul- 
phnrons acid by evaporation, thus : — 

2AS2S8 + ICSOHoKo = 4AsOKo + 6SSOK0, + 83 + 7SO3 

+ SOHj. 

SAra2, same precipitate soluble in excess. 

N02Ago produces from a solution of a neutral arsenite, or from 
a solution of As203 in water, rendered neutral by cautiously add- 
ing ammonic hydrate, a yellow precipitate of trlarsentlc arsenite, 
AsAgOs, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAgOs and OAg2 is 
decomposed on boiling, with separation of metallic silver and for- 
mation of trlargrentlc arsenlate, AsOAgOs, thus : — 

' AsAgoa + OAg2 = AsOAgos + Agj. 

Soluble in Soluble in Soluble in Black 
AmHo. Am Ho. Am Ho. precipitate. 

SOjCuo'' produces a characteristic yellowish green precipitate of Iiydrie 
euprie arsenite, AsHoCuo" (Scheele** green), irom a solution of tripotassic 
arsenite, readily soluble in ammonic hydrate, ammonic chloride, or nitric acid. 

SOgMgo'' gives no precipitate in the presence of free ammonic hydrate and 
ammonic chloride. 

MeinscVs test. — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of As^Os, in the 
form of a grey film of AB2CU6, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing action, when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuCls (auric ctaloride) produces from an acid solution of A82O3 a preci- 
pitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196'7) - three atoms of As (3 x 75). 

4AT1CI3 + SAflaOa + ISOHj « 6AbOHo8 + AU4 + 12HC1. 

Chlorine wat«r, or compounds capable of yielding chlorine, such as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {JEau de Javelle), oxidize 
AbsOs rapidly, thus : — 

AsaOs + 2CI3 + 5OH2 = 2AflOHo8 + 4HC1. 

Iodine, diasolTed in a solution of potassic iodide, likewise converts a solution 
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of AsjOg, dissolved in excess of hydric sodio carbonate, into As^Of, with forma- 
tion of an alkaline iodide, thus : — 

AsHoNaoa + 2COHoNao + I2 = AsOHoNao2 + 2NaI + OH2 + 2CO2. 

Chlorine, iodine, and bromine act as oxidizing agents by decomposing water 
or a metallic oxide. They form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding haloid salt, and the oxygen is transferred to the 
A82O3. 

The oxidizing action of OAgj, upon AsAgOg in an ammoniacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potassic 
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, OU2O, and leaves tripotassic arseniate, AjsOKog, 
in solution. (Distinction between A82O3 ilsd A82O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and manganese (manganates and permanganates), 
has already been described, pages 43 and 29. 

B. Arsenle Compounds. — We employ AN AQUEOUS SOLUTION OF 

TRIPOTASSIC ARSENIATE, AsOKOs- 

SH2 gives scarcely any precipitate from an acidulated solution 
of AsOKos, until the solution is heated, and a current of gas passed 
through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the ASjOs first to AS2O3, by a more power- 
ful reducing agent than SH2, for example, by sulphurous acid, or 
an acid snlphite, such as SOHoKo or SOHoAmo — 

AsOKos + SOH02 + AsKos + SO2H02, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

N02Ago gives a reddish hrown precipitate of trlarffentlc ar§enlate, 
AsOAgOs, soluble in amnionic hydrate and in nitric acid. 

SOaCuo" produces a pale greenish blue precipitate of hydric cupric 
arseniate, AsOHoCuo", soluble in ammonic hydrate and nitric acid. 

S02Mgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white crystalline precipitate of amnionic masnesle 
arseniate, AsOAmoMgo" (distinction of ASaOs FROM ASaOs). 

FesClfi gives a yellowish white precipitate of ferric arseniate, As^OjEeso^^ 

^^3 KPbo* (plumbic acetate) giyesaw^t^^ precipitate of triplumblc 

arseniate, AajOsFbo^s- 

M02Amo2 (ammonic molybdate), dissolved in nitric acid, gives a yeUow 
precipitate of arsenlo-ammonlc inolybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of AS2O6 ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of AS2CU6 is obtained (distinction 

BETWEEN AS2O3 AND ASgOs). 

Arsenic as well as arsenious corrvpounds are capable of oxidizing 
other bodies, and become themselves reduced either to a lower oxide 
{sulphide), or to the metallic state. 

6 



( 
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Sulphurous acid reduces arsenic to arsenious acid. 

SSONaog (socilc liyposulpliite) deprives arsenious acid of its oxygen, and 
converts it into AbjSs, thus : — 

2A8H:o3 + SSSONaoa = AS2S3 + 3S02Nao2 + 3OII2. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic. — ^A frag- 
ment of arsenious anhydride {white a/rsenic) is placed in the pointed 
end, a, of a hard glass tube drawn out before the blowpipe, as seen in 

Fig. 9. A splinter of 

well ignited charcoal is 

next placed in the nar- 

T> ^^^^^^^^Hi^^^ row part of the tube, at 

6, somewhat above the 
fragment of the arse- 
nical compound. This 
charcoal is heated over 
a gas flame or th.e flame 
of a spirit lamp. When 
the charcoal is well 
ignited a second flame 
Fw. •• is applied to the lower 

end of the tube in order 
to volatilize the arsenical compound, the vapour of which, on passing 
over the glowing charcoal, is deprived of its oxygen, and metallic 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tube, above the charcoal- at c. The reaction takes 
place according to the equation : — 

2A8,03 -h 30 = AS4 -f 3CO3. 

This test is very delicate. Arsenic, in the form of an arsenite or 
arseniate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 
the drawn out .portion of the* tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour, 

KCy reduces arsenical 
compounds — oxides as well 
as sulphides — ^with forma- 
tion of potassic cyanate or 
sulphocyanate. A mixture 
of potassic cyanide with 
Fio. 10. the arsenical compound is 

heated in a bulb tube, a 
(Fig. JO). Metallic arsenic is deposited at b. 

The changes are expressed as follows : — 

2AS2O3 + 6KCy = 6CyKo -h As*. 

Potassic 
cyanate. 

2ABaS8 + 6KCy = 6CyKs + As*. 

Potassic 
sulphocyanate. 
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But since potaaeic cjanide cootaitia potassic cjanate, as well tw potaaaic car- 
bonate (ita oompoaition ma; be expreesed b; tlie formula 5KCj + CjKo + 
xOOKo;), a, portion onlj of tlie areeiiic in AsiSj is obtained in the metallio 
form, and a eulpbaraeniate ia formed wliicb is not redueed by potassic cjomde. 
On mixing the arsenious sulphide with sulphur, the whole of tbe arsenic remains 
behind in the fused mass, as sulpharaeniate, and no metallic depoeit ia obtained. 
(Id the presence of sulphides ot Pb, Cu, Ag, Au, Hi, Co, Fe — as, e.g., of PeSj, 
in arsenical pyriiet, NlSj, in nickel glance— vhioh are reduced to the metallic 
state b; the action of potasaic cyanide, scarcely any arsenical mirror ia obtaioed, 
because tbe liberated metallic arsenic — a portion only of tbe arsenic being liberated 
— would immediately alloy itself with the metals.) These changes are oipressed 
by the equations : — 



The reduction is generally effected by miiinc dry arsenioua sulphide with one 
part of potassic cyanide and three parts of aodic carbonate, and Introducing the 



nlig.1l'- 



of combustion tube, C, drawn out to a point, ai 



lai^r scale in Fig. II. A slow current of carbonic anhydride generated from 



marble and hydrochloric acid in the flaak A, Fig. 12, and dried by passing 
through b inlo tbe flask B, containing concentrated eulpliuric acid, and out 
through the delirery tube o, is paaaod over the miituro in tbe tube C, heated at 
first gently, till all the moisture has been driven out, and thanstrongly to fusion, 
— when a mirror of metallic arsenic collects in the neck of the drawn-out tube. 

The reaction has this adrantage, that no antimony mirror is obtsined in the 
same way. 

In order, however, to SToid missing the arsenic, either altogether or obtaining 
only a portion of it, aa stated aboTC, it ia preferable to treat the atsenioua aul- 
phide with a few drone of concentrated nitric acid, and to evaporate with a little 
snlphurio acid (in order to decompose any metallic nitrates, if present). The 
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Bulphuric acid is next neutralised with sodic carbonate, and the mass thoroughly 
dried, before mixing it with potassic cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, pro- 
Tided no lead, copper, or other reducible metals were present. 

Arsenions and arsenic acids are both reduced by nascent hydro- 
gen, which combines with the oxygen of the arsenical oxides to 
form water, whilst the arsenic in its nascent state, or tbe very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseons compound of arsenic, called arsenietted 
hydrogen (arsenious hydride) — As'^'Ha. This gas is obtained pure 
by acting with dilute sulphuric acid upon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietted hydrogen is liberated, thus . — 

ABaZns + SSOjHoa = SSOjZno" -h 2ASH3. 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected with 
a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white fames. 

G-enerate hydrogen in a flask, a, Fig. 13, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas by passing it over calcic chloride 
and connect the drying tube, h, with a piece of hard glass tubing, c, drawn out 




Fio. 18. 

to a jet. The hydrogen gas may be ignited at the jet, as soon as it has displaced 
the air in the genercding flasJc, a, and drying tube, b. It bums with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic acid solution through the fiinnel-tube, tne flame is seen to 
change to blue, and on holding a piece of porcelain (e.g.y a dish, or the lid of a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — by heating the glass tube through 
which the arsenietted hydrogen passes — in the form of a metallic ring, d, which 
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deposits vithin the tabe immediatelj behind the epot where the glaag h heated. 
The hjdrogeu should not be generated too rapidlj, if a good ring is to be obtained. 
The mtnoi may be driren on to e by gradi^y moving the dune from e 
towards d. 

Sereral arsenioal mirrors may be obtained if a long piece at narrow oombua- 
tion tube. Fig. 14, be employed, which hati been contraotod in Bereral plaoa* by 



Areenietted hydrogen ia generated 
, , . „ „ , Irjing tube, o, and oombuat' ' "- ' 

e from tbe drawii.out jet, where it can be burnt. The tube, d, ii 
one or in several places, just before the several drswn-out narrow parte. An 
tvsenical mirror is obtained a Httle behind the heated pui; of the tube, aa seen id 
Fig. li. Little or no arseoletted hydrogen need thus escape from the jet, 
especially if a alow current of hydrogen be genemted. 

The deposition of araeoic in the tnbe or on the cold porceUia 
arieeB &om the decomposition of the arsenietted hydrogen, which, 
at a high temperature, is broken ap into arsenic, which is deposited, 
uid hydrogen, which passes on and boms at the jet. The decom- 
position which takes pla<3e when a cold piece of porcelain is lowered 
mto the flame, ia reamly explained, if we remember what takes place 
when some cold porcelain ia held in a candle or gas flame. We ob- 
tain a deposit of soot (finely-divided carbon from the hydrocarbons), 
becanse the combnetion is distnrhed, and the temperature of the 
flame suddenly lowered. The flame can only bum where it is in 
contact with air, i.e., on the ontaide. The araenietted hydrogen on 
pacing through the inner portion of the flame, is decomposed by the 
heat into arsenic vapour and hydrogen gas ; the latter escapes 
throngh the outer portion of the flame, and is burnt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
fo^enietted hydrogen takes place, even if very httle of the gas be 
mixed with much hydrogen gas, and this teat — known as Ma/rth'a 
test — is therefore exirmaely delicate. 
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It is of paramount importance that both zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to 
escape by itself for some time, through the combustion tube ignited in seyeral 
places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gently till no more chlorous odour 
is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonious hydride), SbHs. It is prepared by acting with, dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbjZna + SSOjHoa = SSOjZno" + 2SbH3. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCla, 
Sb02Ko, or tartar emetic). The hydrogen flame turns at once 
bluish-green, and white fumes of antimonious oxide, SbaOs, a<scend 
into the air. The gas has no odour and is not poisonous.* On 
depressing a cold piece of porcelain into the flame, metallic anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is Eke wise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dull black mirror, and hydrogen, which escapes 
and can be burnt at the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited 
ftirther away from the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to distinguish the 
arserdc from the antimony in the mirror itself. 

This can be done very readily — 

1st. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite [eau de Javelle) ; or by simply 
exposing the mirror to chlorine gas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : the arsenical mirror is speedily dissolved \ antimony 
only after some lengthened exposure, thus : — 

Asa + 5ClNao = AsaOg + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen through 
the glass tube, containing the arsenic and antimony mirror, and applying a gentle 
heat. The metids are converted into sulphides — arsenic into lemon-yellow arse- 
niouB sulphide, and antimony into a black or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
volatile of the two sulphides. On passing next a current of dry hydrochloric 
acid gas without the appUcation of heat, antimonious sulphide disappears 
entirely, being conrertea into antimonious chloride, which volatilizes m the 

* The evidence on this point appears to be doubtf al. 
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ourrenfc of hydrochloric acid gas, and may be passed into water and tested by 
means of sulphuretted hydrogen. Arsenious sulphide remains unaffected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse- 
nious sulphide dissolves readily in hydric ammonie carbonate^ OOHoAmo. 

Antimonietted and arsenietted hydrogen can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts 
arsenietted hydrogen into arsenious acid, thus : — 

AsHg + eNOaAgo + SOHg = Agg + AsHoj + 6NOaHo. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends only to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus : — 

SbKs + SNOjAgo = SbAgs + SNOaHo. 

The arsenious acid is separated by filtration from the insoluble SbAgs ^^^ 
Ag. On cautiously adding to the filtrate a dilute solution of ammonie hydrate, 
a yellow precipitate of triarKentlc arsenlte is obtained, where the two layers 
of the ammonie hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
argentide is acted upon with formation of soluble antimonious tartrate (P) , silver 
being left behind. Filter ; acidulate the filtrate with dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An oromge precipitate indicates antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulsB the symbolic formulae of redlgoTy orpiment^ 

copper nickel, smaUine, nickel ochre, 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. What changes does metallic arsenic imdergo when heated, 1st, by itself, in a 

current of a neutral gas (OO2 or H) ; 2ndly, in contact with air ; 3rdly, 
in contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Q-ive several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved ; 1st, in NaHo ; 2ndly, in SAmj ; 3rdly, in 
COHoAmo. 

9. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite, or arseniate P 

10. Why is triargentic arsenite, in an ammoniacal solution, converted on boiling 

into triargentic arseniate P Express the change by equations. 

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called 

magnesm mixture) upon arsenious and arsenic solutions P 

12. G-ive a few instances of the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

13. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious 

compounds. 
14i. What takes place when metallic copper is introduced into a dilute hydro- 
chloric acid solution: Ist, of AB2O3; 2ndly, of A83O5 (Reinsch's 
test) ? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. Give examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when on arsenical 

sulphide is heated with potassio cyanide. GKve equations. 
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17. Explain how the presence of free sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds hy potassic 
cyanide. Q-ive equations. 

18. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh's 

test), and show by equations the formation of arsenietted hydrogen. 

19. What change does arsenietted hydrogen undergo : Ist^ when burnt in the 

air ; 2ndly, when passed through a tube heated in one or more places ; 
3rdly, when passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen and state — 1st, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical deportment 
with argentic nitrate. 

21. How would you distinguish between an arsenic and antimony mirror ? 

22. State how arsenic can be separated — 1st, from antimony, 2ndly, from tin. 

23. 1*2 gnn. of finely divided gold has been obtained hj boiling a solution of 

arsenious acid with auric chloride : how much AB2O3 by weight did the 
solution contain? 

24. Calculate the percentage composition of ammonic magnesio arseniate, 

(AsOAmoMgo" + 6Aq.). 



4. GOLD^ An' and'". — Gold is generally fonnd native and is 
tlien readily recognised by its colonr, malleability, and physical 
character generally. Gold occurs in anything like considerable 
quantities in combination only with, the rare element tellurium. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMINATION IN THE DRY WAT. 

When heated on charcoal with aodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-volatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silver dissolved by digesting with a 
little nitric acid in a small porcelain dish. The argentic nitrate is poured off, 
and the gold washed with distilled water. The black insoluble residue is once 
more fused on charcoal before the blowpipe, when it assumes the well-known 
appearance of fine gold. 

Old silver coins frequently contain a small quantity of gold, which, on dis- 
solving in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yeUow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or " part " the gold. — Method 
of assaying gold. 

EXAMINATION IN THE WET WAT- 

Gold when unalloyed is soluble in aqua regia only, forming a 
SOLUTION OP AURIC CHLORIDE, AUOI3, which may be employed for 
studying the reactions in the wet way. 

SH2 (srroup-reasent) gives from a cold solution a black preci- 
pitate of auric sulphide, AU2S3, from a boiling solution, a braimdsh 
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"Au'^ "* "^^^se precipi- 
tates are insoluble in hydrocliloric and nitric acids, but dissolve in 
aqua regia. They are likewise insoluble in normal amnionic sul- 
phide, but soluble, although with diflBloulty, in yellow sulphide, more 
readily in yellow sodic sulphide, with which they form a sulpho-salt, 
AuNass. 

SAm2 and SSONao2, same precipitate. 

KHo or NaHo produces no precipitate. 

AmHo produces from a concentrated solution of auric chloride a 
reddish yellow precipitate of amnionic anrate or fulminating sold, 

CNH3) AU2O3, = SSIhoAu^' ^^""^ ''- 

2AUCI3 + 8AmHo = (NH3)2Aua08 + 6AmCl -h SOHj. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely-divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when AuGls comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an 
alkaline liquid, and many other organic substances (e.g., the epider- 
mis) ; arsenietted, antimonietted, and phosphoretted hydrogen 
decompose AuCls likewise. ^ 

The following equations express these changes :^ 



(1) 2AUCI3, when ignited splits up into Au2 


+ 


3CI2. 






(2) AU2S3, 


» 


Aus 


+ 


S3. 






(3) 2AnCl3 + 3SOH02 + 


8OH3 


= AU2 


+ 


3SO2H03 


+ 


6HC1. 


(4) 2Ana3 + 3{ggg^ 




= Aus 


+ 


6CO2 


+ 


6HC1. 


(6) 2AUCI3 + 6PeCl2 




= Aua 


+ 


SPegOle 






(6) 2AuCl8 + eSOsFeo" 




= Aua 


+ 


Fe201« 


+ 


2S306^e20^*. 


(7) 2AUCI3 + 3OU2OI2 




= Auj 


+ 


6CUCI2. 






(8) 2AUCI3 + a^o^Mgao" 




= AU2 


+ 


C.'Hgo" 


+ 


3HffCls. 


(9) 2AUCI3 + 8NOK0 + 


3OH3 


= Alia 


+ 


3N02E0 


+ 


6HC1. 


(10) 2AtiCl3 + 2A8H3 + 


dOHs 


= Auj 


+ 


2AbHo3 


+ 


6HC1. 


(11) 2AnCl3 + SbH3 




= Auj 


+ 


SbCl3 


+ 


3Ha. 



In the analysis of a solution containing gold, as well as some 
other metals of Group II, precipitable by SII2, it is usual to first 
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remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SHg. The precipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AUCI3 
by most metals, even by Pt, Ag, and Hg. 



QUESTIONS AND EXERCISES. 

1. How •would you treat a silyer coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is AuCls prepared ? 

3. Describe how pure metallic gold is prepared from AuCls, in the wet way. 

4. Explain the change which AU2S3 undergoes, 1st, when gently heated in a 

bulb tube ; 2ndly, when heated in a tube open at both ends. 

5. What reaction takes place when AuCls is brought together with bodies 

which have any latent bonds left ? Give instances of such reactions and 
express the changes by equations. 

6. How can gold be separated from an alloy of Au, Ag, and Cu ? 

7. 9*37 grms. of a gold mineral, when treated with aqua regia and reduced by 

FeClg, yield '53 grm. of metallic gold j what is the percentage of gold in 
the mineral? 

8. How mi^ch chlorine gas, by weight and by volume, can be obtained by the 

ignition of 1*25 grm. of AuCla ? 
9* What action takes place when a piece of gold is suspended from the positive 
electrode in a bath of AuOls, metallic copper forming the negative elec- 
trode P Explain the process of electro-gilding. 



5. PLATINUM, Pt" and i^— This metal is found native, 
but more frequently alloyed with other metals. It is characterized 
by its inftisibility before the blowpipe, and is not acted upon 
by the usual fluxes. It can, therefore, only be examined in the wet 
way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for studying 
the reactions of platinum. 

SH2 (sroup-peasent) produces slowly a dark brown precipitate of 
platinic dlsulplilde, PtS-i. On heating, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, soluble in aqua regia ; 
difficultly soluble in normal ammonic sulphide, more speedily in 
yellow sulphide, with which it forms a sulpho-salt, PtSAms2. 
Heated out of contact with air, it is decomposed into "Pt"S and S. 

SAm2, same precipitate. 

PtCU is interesting on account of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g., the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a light yellow crystalline precipitate of ammonic 
platinic ctaloiide, 2AmCl,PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water-bath. The 
precipitate is somewhat soluble in water, insoluble in alcohol. 



REACTIONS OF PLATINUM. 91 

KCl produces a yellow crystalline precipitate of potassle platlnlc 
chloride, 2KCl,PtCl4, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms with platinic chloride a double chloride, which is, however, 
soluble in water, and is obtaiaed in needle-shaped crystals only after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and vice versa, 
for the detection of ammonium or potassium compounds. (Oomp. 
Chapter II). 

Platinum is capable of forming a lower chloride, viz., platinous 
chloride, "Pf'Cls, in which the platinum acts as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204° C, as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
PtCl2 is a greenish-grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
haye some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions will be readily understood : — 

PtCli produces with S11CI2 only a dark brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCU is reduced by SOjFeo" only after long-continued boil- 
ing. 

COTT * ^^ heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrogen, 
it is preferable to remove the gold, by means of oxalic acid (which 
does not reduce platinic chloride), before removing the platinum by 
evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Give an equation. 

2. How much metallic platinum is left when two grms. of PtS2 are strongly 

ignited in a porcelain crucible ? 

3. How much Pt wUl be left, when 1-5 grm. of 2AmCl,PtCl4 is ignited ? 

4. Calculate how much potassic platinic chloride ought to be obtained from 

•521 grm. of KCl. 

5. How is platinous chloride prepared P 
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Separation of the metals arsenicy a/ntimony, and tin, whose sul- 
phides are soluble in yellow a/mmonic sulphide, or in sodic hyd/rate. 

The precipitate produced by the group-reagent, is soluble in 
yellow amnionic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark-brown colour, it 
may be inferred that stannous sulphide is present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic sul- 
phide may be inferred, if orange-coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. ASjSs dissolves freely, 81182 very slightly, and Sb2Ss 
is insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filterrug, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, — tin does not form a gaseous compound with hydrogen. 
For this purpose the two sulphides are dissolved in hot hydrochloric 
acid, and the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metallic deposit 
which antimonietted hydrogen gives on porcelain, insoluble in Cli^ao. 
Tin is found in the generating flask as a powder. The greyish black 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitate of mercurous 
chloride, Hg2Cl2, indicates the presence of tin. 

The sepa/ration of arsenic, antrniony, and tin, ma/y thus he based 
upon — 

1. The solubility of AS2S8 in hydric amvmonic carbonate, 

2. The formation of amiimonietted hydrogen, 

3. The precipitation of tin by metallic zinc, 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves. The 
student should draw up tabular schemes, embodying the following 
five methods. 

A method of separation of As, Sb, and Sn, may be based upon: — 

1st. The oxidation of AS2S8, Sb2S3, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by ^sion with 
caustic soda in a silver crucible) into sodic metantimoniate, arseniate 
and stannate. 

2nd. The insolubility of Sb02Nao in cold water and alcohol 
(AsONaos and SnONao2 beiug soluble). 

3rd. The conversion of AsONaos and SnONao2 into ASjSa and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of ASaSa, when heated in a current of dry 
SH2 gas, SnS being non- volatile. 

5S1. The absorption of the volatilized A83S3 in a solution of 
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sodic hydrate, oxidation by cblorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into Sn02 by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
snlphides, by boiling a hydrochloric acid solntion of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated ASgSs and Sb2Ss with hydric 
potassic sulphite and sulphurous acid ; ASgSa is converted into 
potassic metarsenite, SbsSs remains undissolved. 

A third method consists in : — 

1st. Removing the ASaSj, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbjSs and SnSa with 
concentrated nitric acid and boiling with tartaric acid; Sb^Oi is 
soluble, SnOa remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SbAga in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOj from the argentic nitrate 
solution by means of ammonia. 

A fifth method oi recognizing the metals of Group lis, depends 
upon : — 

1st. The insolubility of AS2S3 in strong hydrochloric acid, SbaSa 
Slid SnSa being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means of 
a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb 

1. Sulphuretted hydrogen produces a fine yeUow precipitate, a portion of which 

IS soluble in yellow amnionic sulphide. What inference would you draw 
from this, and how would you examine both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

3. Examine some green paper-hangings for As (Scheele's green). 

4. Test a sample of commercial hydrochloric acid for As and Fe. 
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5. Separate As from Sn in a solution of SnCl2 and A83O3, containing '500 grm. 

of Sn, and '020 grm. of As. 

6. Analyse a solution containing '010 grm. of As and "100 grm. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and "020 grm. of Sb ; also a strip of zinc and a piece of platinum foiL 
Describe how you would separate the two metals. 

8. Test a sample of iron pyrites^ PeS2, for arsenic, in the dry and in the wet 

way. 

9. A precipitate consists of Sb^Ss and A82S3. Describe different methods 

of analysis, and state the possible causes of error inherent upon each 
method. 

10. Analyse a mixture of S11O2 and Sb204, both in the dry and wet way. 

11. You have given to you a solution, containing potassic arsenite and arseniatCi 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test a solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 
14 What are the changes which A82S3, Sb2S3 and SnS2 undergo, when they 
are treated w^ith concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda ? 



Chapter VI. 

REACTIONS OF THE METALS OF QBOUP I. 

This group comprises the metals silver, lead, and mercury in 
the form of mercurous compounds, which are precipitated by dilute 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs native ; also as sulphide 
in silver glance, S Ag2, and in combination with antimony, as sulpho- 
salt in trisulphargentic orthosulphantimonite, or dark red diver ore 
(pyra/rgyrite), SoAgSs; with arsenic as trisulphargentic sulphar- 
senite, in jproustite^ AsAgSs ; as chloride, AgCl, in horn silver, and 
other ores. 

EXAMINATION IN THE DRY WAY. 

Place a small quantity of powdered silver gla/nce towards the 
middle of a hard glass tube (combustion tubing of about \ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tube in a slightly slanting position, a current 
of air is made to pass over the ignited sulphide ; the sulphur becomes 
oxidized and is carried off as sulphurous anhydride, readily recog- 
nisable by its pungent odour. Metallic silver is left, together with 
a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
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likewise oxidized, bnt are, to a great extent, deposited as AS3O3 and 
SbgOa, in the cool part of the tnbe. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix "100 grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead ;* in- 
troduce it into a cavity, made in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently, and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until, on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash (tricalcic phosphate, P202Cao"3), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone-ash, forming a mgiss of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, i.e,, if the copper has not been entirely removed — a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Small qua/ntities of silver must be s&parated from lead (as well as 
from other metals), hy cupellation. 

Fuse some finely-powdered argentiferous galena^ PbS,SAg2 (or 
PbAgS2), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this 
bead on a small cupel (Fig. 15) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed ^^o- 1^- 
by the cupel, metallic silver being left. 

* Lead free from silyer, prepared from plumbic acetate. 
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Dried AgCl is mixed with dry CONao2, in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left, thus : — 

2AgCl + OONaoj = 2NaCl + CO2 + + Agj. 

REACTIONS IN THE WET WAY. 

For the reactions of silver in the wet way we employ a solution 

OF ARGENTIC NITRATE, NOgAgO. 

HCl (ffronp-reasent), and soluble chlorides (NaCl, etc.), give a 
white curdy precipitate of argentic chloride, AgGl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide, 
and sodic hyposulphite; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alka- 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilution 
with water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. The 
white powder faaea ; it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver j and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argentic oxide, OAg2, in the form of 
a hroivn jpowder, which, on strong ignition, gives off oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added^ precipitates argentic oxide, readily 
soluble in excess. 

SH2 precipitates hlack argentic sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2 (or any soluble sulphide) precipitates from neutral solu- 
tions Hack argentic sulphide. 

HI or KI gives a yellowish precipitate of argentic Iodide, Agl, 
insoluble in dilute nitric acid ; almost insoluble in ammonic hydrate 
(distinction between AgCl and Agl). 

HBr or KBr gives yellowish white cv/rdy precipitate of argentic 
toromlde, AgBr, insoluble in dilute nitric acid; difficultly soluble 
in ammonic hydrate ; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of argentic cyanide, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
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acid ; soluble in sodic hyposnlpHite. The precipitate is decomposed 
by concentrated boiling nitric acid; it is decomposed also when 
heated by itself in a porcelain crncible, to paracyanide, metallic silver, 
and cyanogen gas (distinction from AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now Na040uo'' : an equivalent quantity of copper (63*5 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury into a concentrated solution of 
argentic nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed a/rhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, NaOiHgo'^ Metallic 
silver is precipitat<ed and forms with the mercury an amalgam 
which is crystalline. This crystalline mass is termed a silver tree 
{arbor Diance), 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed 
for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., displacement of one element by another element. 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a spmewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom ; or a 
yellowish- white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered o£E and fused on charcoal, 
before the blowpipe, to a brilliant globule. 

The cause of the. reduction of the argentic salt must evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly with oxygen, and the OAga (in two molecules of NOjAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 
matter — being formed by the oxidation of the organic substances. 

{GS 
GOA » ^^ ^ covered 
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porcelain cracible. Heat gently at first, and strongly, as soon as no 
more fumes are given off. A mass of frosted silver is left, having 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1, How is argentic nitrate prepared ? 

2. Why do HOI, HI, etc., precipitate silrer from its solutions P 

8. What change takes place when silver glance is roasted in a tube ? 

4. How is Ag separated from Fb in the dry way ? 

6. Write out the equations for the reactions of silver in the wet way. 

6. Gire the graphic formul» for aiher glance^ dark red siUfer ore, ;proustUe^ and 

fahl ore, 

7. How much NaOl will be required to convert 1*5 grm. of NO^Ago into 

AgOl? 

8. A dilute solution of hydrochloric acid (containing '00365 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with NOjAgo. 
How much AgOl by weight do we get from 150 c.c. of the acid solu- 
tion? 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate ? 

{OH 
OOA^o* and how 

much silver will be left when, when '451 grm. of acetate is ignited ? 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate P 

12. What change does AgOy undergo upon ignition P 



2. LEAD; Pb" and *\ — Occurs in nature chiefly in combination 
with SULPHUR, as PbS", in galena; also as carbonate, in lead spar 
or white lead ore, COPbo"; as sulphate, in lead vitriol. SOgPbo", in 

CO: 



QQ^bo" I ^ QQ 

leadhillite, |^^Pbo"Pbo", and in lana/rkite, «r^ Pbo"2 ; as OXTCHlo- 
ggpbol' so, 

niJ)^ An me7idipite, PbCl2,2PbO, = CI— Pb— 0— Pl>-4&rrr|l^— 01; as 
PHOSPHATE and oxychloridb, in pyromorpliite^ViOiVho" i\^tPh" ). 

EXAMINATION IN THE DRY WAY. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassic cyanide, and in the 
yellow incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a hlue colour to the 
flame. The change which takes place when galena is heated with 
sodic carbonate in a crucible, out of contact with air, is expressed 
by the equation : — 

7PbS + 4CONaoa = 4Pb 4- SPbNasa -f SOJSTaoa -f 4CO2; 

Fusihle slag. 
but when heated in contact with air, or in the presence of an 
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oxidizing agent, sach as saltpetre, the loss of lead in the slag is 
avoided, thns : — 

PbNas2 + 70 + CONao2 = Pb + 2S02Nao2 + CO2. 

When galena is roasted in a glass-tube open at both ends, it is 
converted into S02Pbo", PbO and SO2, thus : — 

(1) PbS + 04= SOaPbo". 

(2) PbS + 03 = PbO + SO2. 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yell-ovdeh glass (owing to the combination of th^ 
PbO with the boric or phosphoric acid, and formation of a sodic 
plumbic borate or phosphate), which is colourless when cold. 

All lead minerals, especially the antimonial sulpho-salts, houlangeritey SbjPbss, 
houmonit€j Sb^h^"^(Ou.'^''^" Jamesonite, Sb4a8l*b8"Pb8"2, and argentiferous 
galena^ contain more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp. silyer, page 95). 

The presence of antimony, arsenic, and sulphur reveals itself, when these ores 
are heated on charcoal (garlic odour and fumes of A82O3, or SbjOs), or in a glass- 
tube open at both ends (white sublimate, fumes, and odour of 8O2). 

REACTIONS IN THE WET WAT. 

For the reactions of lead in the wet way we employ either a 

NO / r CH \ 

SOLUTION OP PLUMBIC NiTBATE, -^Q^^'^ ^^ acetatef < co'/*-^^ ' ' 

most other plumbic salts being insoluble in water. 

HCl (sronp-reairent), or soluble chlortiles give, with a not too 
dilute solution of plumbic salts, a heavy white precipitate of plumbic 
cbloride, PbCl2, soluble in much cold water, readily in boiling 
water, -from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl (plumbic chlorohyd/rate)^ — ^a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHo2, soluble in 
excess of the reagent, especially on heating. The PbHo2 must be 
viewed as acting the part of a weak acid, on combining with the 
sfcrong alkali base. 

AznHo precipitates a white basic salt, insoluble in * excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

SH2 precipitates hla^h plumbic sulpblde, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

[PbCl 
cipitate is reddish hrowriy consisting of < S , (diphimhic suVpho^ 

(PbCl 
dichloride) . On diluting considerably with water, a bla^ik precipitate 
is obtained. 

SAm2, or soluble sulphides, precipitate likewise black PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 

H 2 
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formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into SOgPbo" ; the oxidation extends to the sulphur, as well 
as to the lead. 

SO2H02, and soluble sulphates^ precipitate white plumbic sul- 
pliate, S02Pbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuiic acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystaUizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
sodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SOaHoj, SAm,, or 
Cr02Ko2, precipitate the lead again. Boiling with sodic carbonate 
converts S02Pbo" into insoluble COPbo". Plumbic sulphate sepa- 
rates from dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

Cr02Ko2 precipitates yellow plumbic chromate, Cr02Pbo" 
(^chrome yellow), readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONao2, as well as COK02 and COAmoj, give a w;A*<e precipitate 
of a basic carbonate (white lead), of varying composition, usually 
considered to contain two molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., co/opi^xT \Pbo" (tri^Uimbic 

dihydrate dica/rhonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic iodide, Pbl2, soluble 
in excess of the reagent ; also soluble in much hot water, from-which 
it separates, on cooling, in beautiful golden yellow scales. 

KOy precipitates white plumbic cyanide, PbCy2, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble phosphates, arsenites and arseniateSf silicates, borates, oxalates, tar- 
trates, citrates,ferrO' ekudferricyanides give precipitates with plumbic salts, which 
are insoluble in water, but soluble in dilute nitric acid« These precipitates 
possess, howeyer, only a secondary interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen -very 
strikingly on dissolying a few ounces of plumbic acetate {sugar of lead) in dis- 
tiUed water, with the addition of a little acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metallic lead, which increase^} rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
{arbor Satumi), The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead {i,e., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Fb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immersion, 
as well as the precipitated lead. 

Heat a little red lead, Pb304,* in a small porcelain crucible or in a test-tube, 

* The composition of commercial red lead is more correctly expressed by the 
formula Pb405. 
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to whicli a deliyery-tube is attached. Oxygen gas is giyen off, whicli may be 
collected in the usual manner over water. The residue is dark yellow, and on 
cooling turns bright yellow. It consists of plumbic oxide, FbO (litharge), 
accor(£ng to the equation : — Pb304 ■- 3PbO'+ O. 

Treat a little Fb304 with dilute hydrochloric acid in a test-tube, and heat 
gently. A greenish yellow gas comes off, and the red lead dissolyes to plumbic 
chlonde. The gas is readily recognized, by its odour, as chlorine : — 

Pb804 + 8Ha « SPbCla + 01, + ^OHa. 

Treat another portion of red lead with dilute nitric acid. The red colour 
changes to brown — ^the colour of plimibic dioxide, PbOa* The reaction is ex- 
pressed by the equation : — 

Pb804 + 4NOsHo - 2 JJ^^bo" + PbOj + 20Hj. 

Lead can thus combine either with one or two atoms of oxygen to form PbO 
or PbOa ; it can exist in the dyad or tetrad condition (Pb" and Pb*^) and red 
lead ia obviously composed of two oxides, of PV^Oj + 2Pb"0. The plumbio 
dioxide in red lead yields the oxygen. It is written graphically :— > 

Pb»^Pbo"8 « Pb/ Npb/j>Pb (Triplumbio tetroxide). 

The minerals plaUnerUe, PbOa and miniumf Vhfi^^ represent the corre- 
sponding natural oxides. 

It is eyident from the aboye experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SOaHoa forma with PbOa a sulphate, oxygen being giyen off, 

PbOa absorbs sidphurous anhydride abundantly, forming SOaPlx/^ 

HOI liberates chlorine from plumbic dioxide. 

Minium or red lead, and the brown plumbic dioxide are powerful oxidising 
agents. They furnish us likewise with readj means for preparing chlorine gas. 

QUESTIONS AKD EXEECISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much oxygen by weight and by yolume (at 0° 0. and 760 mm.) can be 

obtained from 80 grms. of red lead ? 

8. Write out the symbolic equations for the reactions of lead in the wet way. 

4 How can Pb be separat^ from Ag, in the wet way P — lat, by using hydro- 
chloric acid ; 2nd, potassio cyanide ; 3rd, sulphuric acid, as a precipitant. 

6. Gtiye graphic formulee for toAite lead, red lead, plumbic acetate, mendipite, 
plumbic chlorohydrate, plumbic nitoate^ and chromate, diplumbic sulpho- 
dichloride. 

6. How much HCl by weight will be required to decompose 10 grms. of red 

lead; and how much chlorine gas wUl be eyolyed — 1st, by weight ; 2nd, by 
yolume at 0° 0. and 750 mm. pressure P 

7. How would you separate Pb and Sb in type metal P 

8. Describe how you would analyse an alloy of 5 parts of ^ lead, 3 parts of tin, 

and 8 parts of bismuth, a so-called/«*»6fc alloy melting at 98 0. 

9. Calculate the percentage composition of Pb4Sb (type metal). 



3. MERCURY.— (MercurosTim) 'Hg',. 

NO 

We employ A solution of mbrcubous nitrate, j^Q^Hgao". 

HCl (ffroap-reaireiit), or soluble cUoriiles, give a white precipi- 
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tate of mercurous chloride, 'Hg'20l2 (calomel) , which is insoluble in 
dilute acids and is blackened by KHo or AraHo, the latter con- 
verts it into 'Hg'aO and merourosammonio chloride, NH2'Hg'aCl. 
Mercurous is converted into mercuric chloride by the addition of 
chlorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiling, into HgOU and grey metalKc mercury. 

Nitric acid oxidizes it readily into HgOlz and j^Q^Hgo", with evolu- 
tion of nitrous fumes. Dry 'Hg'aClj sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercurous oxide. 
'Hg'aO, insoluble in excess. 

AmHo produces a hla^Jc precipitate of basld dimercurosammonlc 
nitrate by the substitution of 'Hg'a for 2 atoms of hydrogen in two 
of Amo, thus : — 

25Jg^Hg2o" + 4AmHo = N203'HgV'[^^'Hg',0,]" 

Basic dimercurosammomc nitrate. 
H- 2N0aAmo + SOHj. 

Tlie precipitate is insoluble in excess. 

SHa precipitates black mercurous sulphide, 'Hg'aS, insoluble in 

excess or in dilute acids ; soluble in aqua regia or in yellow potassio 

sulphide. When boiled with concentrated nitric acid, the second 

NO 
atom of mercury in 'Hg'aS is converted into j^Q^Hgo", and a white 

compound of mercuric nitrate and sulphide, ko OH^y^®' ^® 
formed. 

SAma produces the same black precipitate. 

A clean strip of metalHc copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The more electro^ 
podUye metals, Cu, Od, Zn, Fe, Pb, Bi, predjfdtate the less electro- 
positive metal Hg. 

SOHoa, SOaFeo", or S11CI3 produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey de- 
posit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus : — 

JJ^'Hgao" -h SOHoa + OHa = 2Hg -f 2NOaHo -r SOaHoa. 
^nS^^*^" + eSO^Feo" = 6Hg + 2(SOa)3FeaO^ + (NOa)6FeaO^^ 
Jg^Hgao" + SnCla + 2HC1 = 2Hg -h S11CI4 + 2N0,Ho. 
Mercurous salts act thus the part of oxidizing agents, when 
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coming in contact with more powerful reducing agents : a property 
which in conjunction with the reducing action which they exert under 
favourable circumstances, proves clearly that the double atom 'Hg'2 
possesses but little chemical afi&nity for other elements, and that the 
corrvpounds which it forms a/re rather unstable. 

QUESTIONS AND EXERCISES. 

1« Write out the graphic formul^D of calomel, mercurous nitrate, mercurous 
oxide, mercurosammonic chloride, basic dunercurosammonic nitrate. 

2. Write out equations for the reactions which mercurous compounds giye in 

the wet way. 

3. How can mercurous chloride be converted into mercuric chloride?. G-ive 

equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SO2H03 and NaCl by weight will be required ? 

5. Eiplain the action of metallic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon mercurous sulphide P 

7. In what manner can mercuric and mercurous chlorides be distinguished from 

each other by the reactions in the dry way ? 

8. State under what conditions mercurous salts play the part of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Gronp I will readily sng- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

1st. The solubility of PbOl2 in boiling water, 

2nd. The solubility of AffCl in AmHo. 

3rd. The conversion of the Hg2Cl2 into black NH2'Hga'Cl hy the 
action of AmHo. 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP I. 

1. Test a sample of galena for silver in the dry way. 

2. Analyse a sample of rvhy silver in the dry and in the wet way. 

8. You haye given to you some precipitated argentic chloride, dilute HCl, and 

a strip of metallic zinc. How would you prepare pure metallic silver ? 

4. Analyse a solution, containing '010 grm. of Ag, as NOsAgo, *100 grm. of Hg, 

as K204Hg2o" and 010 grm. of Pb, as N204Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturated solution of T^Cl. 

6. You have given to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HCl ? 

7. Analyse a mixture (about '050 grm.) of white arsenic and corrosive subUmatSy 

both in the dry and vet way. 

9. Test a commercial sample of baric chloride for lead. 

9. Test a sample of wMte lead paint for impurities, insoluble in dilut« nitric 

acid, and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure N02Ago from an aUoy of copper and silver. 
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Chapter VII. . 

REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE^ CO,.— Occurs in the atmosphere 
and in mineral waters. In tlie combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRY WAY. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de* 
composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 
carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolved carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
from one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta- water, a white precipitate is ob- 
tained, owing to the combination of the carbonic anhydride with the 
caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

AU normal carbonates may be divided into- 

1st. Carbonates which wre soluble m water, consisting of the 
carbonates of the alkali metals and possessing an alkaline 
reaction, 

2nd. Carbonates which a/re insoluble im, water, a few of "^hich are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Oa, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

AU «arbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SH2). The decomposi- 
tion is marked by strong effervescence and evolution of CO3. (A 
few native carbonates, such as sjpathose ^on ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of acid carbonates) confirms the 
presence of CO2. • 

Metallio sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids with erolution of a gas ; but the eyolyed SOa, SHs, or NaOs gases are 
readily recognized by their characteristic odour or colour. In order to recognise 
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OO2 in the presence of SO3 or SH2, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed with an add, or into bromine water, or a 
solution of a cupric or ferric salt, and then through Ume- or baryta-water. 

QUESTIONS AND EXERCISES. 

1. How would yoil* prove experimentally the presence of carbonic anhydride, 

1st, in spring water ; 2nd, in atmospheric air ; 8rd, in white lead ; 4th, in 
coalgasP 

2. Classify all metallic carbonates according to their respectiye deportment, 1st, 

on ignition ; 2nd, on treatment with water ; drd, in contact with excess 
of OO3. G-iye examples. 

8. What change takes place when tartaric acid and hjdric potassic carbonate 
are mixed together P 

4. Which is the most characteristic reaction for 00$ ? 

6. How would you recognize the presence of CO2 in a gaseous mixture, contain- 
ing SO2 and OO3, or SH3 and OO3 ? 

6. How much OO2, by weight and by volume, can be obtained from 1*235 grm. 
of COCao" ? 

7* What change takes place, Ist, when a current of OO3 is passed through cold 
water in which finely divided chalk is suspended ; and 2nd, when the 
liquid is heat.ed to boiling, subsequent to the passing of the gas ? 

8. Explain the occurrence of OO3 in mineral waters and in atmospheric air. 

9. Explain the effect of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to prevent them P (Comp. p. 17.) 



SULPHURIC ACID, SOsHo,.— This is^ one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — ^the sulphates, most of 
which have abready been enumerated in treating of the natural com- 
pounds of the various metals. 

BBACTIONS IN THE DET WAY. 

On heating a sulphate on charcoal, in the reducing 6ame, 
together with CONaoa (free from sulphate), sodic sulphide is 
formed thus : — 

SOaMgo" + 20 + CONao2 = SNaj + MgO -h 3CO2. 

The frised mass gives off SH2, when treated with a strong 
add (HOI), readily recognized by its odour. When placed on a 
bright silver coin and Moistened with a drop of water, it produces a 
black stain of argentic sulphide. This reaction applies, however, to 
all sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SO2H02 any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. All 
other sulphates become decomposed more or less speedily on ignition, 
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giving ofF snlphuric or sulphurons anhydride and oxygen, according 
to the nature of the metal, e.g. : — 

2S02Feo" = PeaOa + SO3 + SO^. 
SO2CU0" = CuO -h SOa + 0. 



EEAGTIONS IN THE WET WAY. 

A SOLUTION OF POTASSic SULPHATE, SO2K02, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaClj or N204Bao" gives a white finely divided precipitate of 
baric sulphate, S02Bao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
aflber the addition of the baric salt. 

This reaction diBtinguishes SO2H02 from all other acids, except hydro- 
fluosilicic acid, 2B.h\&iF^ and selenic acid, SeOsHo^, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
strontic, calcic, and piumliic sulphates, which are more or less soluble in 
large quantities of water : SOsCao'^ being the most soluble (in 500 parts of water), 
SOjSro" dissolving in 9,000 parts of water, and SOsPbo" in 22,000 parts of 
water only. 

Since baric salts answer eyer^r purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul- 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueoiu 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a little cane 
sugar. A blackened or charred residue indicates /re^ sulphuric add, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate : more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

SOaBao" + CONaoKo = SOjNaoKo -h COBao". 
SOaPbo" + CONaoKo = SOjNaoKo + PbO + COa. 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration from the soluble alkaline 
sulphate. The residue is examined as usual for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
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bartc chloride. Calcic snlphate dissolves in ammonic sulphate and 
a little AmHo ; plumbic sulphate in ammonic acetate or tartrate, or 
in sodic hyposulphite. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way ? 

8. Explain the action of heat upon the different metallio sulphates. 

4. How is free sulphuric acid detected ? 

5. Describe shortly in what manner SOaBao", SOaSro", SOjCao", and 

SOaPbo" differ from each other with regard to their solubility in water, 
and their respective deportment with various other solvents. 

6. How are insoluble sulphates examined qualitatively ? 

7. 1*648 grm. of a sample of soda-cuh yielded '234 grm. of S02Bao'' ; what is 

the percentage of sodio sulphate in the ash P 



SULPHUROUS ACID, SOH02.— Obtained aa gaseous an- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (pyrites, blende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various' 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. This property causes 
sulphurous acid, or metallic sulphites, to be of considerable inte- 
rest. 

EEACTIONS IN THE DRY WAT. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as MnOt, Pb02, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SO2 from a 
gaseous mixture, the latter is usually passed over PbOa. 

Many solid sulphites are decomposed by heat into sulphates and 
sulphides, thus: — 

4SONao2 = SSOaNaoa + SNa,. 

The earthy sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 

REACTIONS IN THE WET WAT. 

A SOLUTION OP SODIC SULPHITE, SONaOa, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
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normal salts are reprecipitated on boiling. They are also soluble in 
dilnbe hydrocbloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo'' excepted). 

Sulphites generally contain sulphates. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering ofE the precipitate, and adding chlorine water to the 
filtrate, a further precipitate is obtaLued, showing the presence of a 
sulphite. 

Traces of sulphurous acid are distinguislied with difficulty by the odour alone, 
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous acid acts as a powerful reducing agent. 

NOoAgo gives with sodic sulphite a white precipitate of arsenUe snlphltey 
SOAgOs, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the separation of metallic silver, and conversion of the SOHoj 
into SOsETos, according to the equation : — 

SOAgOs + OH2 = Ags + SOsHoj. 

JXfiJBigic/' produces a grey precipitate of metallic mercnry* thus : — 

SOHgao" + OH2 = Hg8 + SOaHoj. 

The instances of the reducing action of sulphurous acid are very numerous ; 
we need only refer here to its action upon solutions of AuClg, OrOsHos, 
FesClfi, and others, already noticed under the respective metals. 

2. Under favourable circumstances sulphurous acid acts as an oxidising agent, 
especially when brought in contact with other more powerful reducing agents, 
such as nascent hydrogen, SHg, SnClj, etc. Thus, by introducing the least trace 
of SOH03, or a sulphite, into a flask, in which hydrogen is generated from zino 
and hydrochloric acid, SH^ is immediately evolved, together with the hydrogen, 
and may be recognized by its odour and action upon l€»d paper. The change is 
expressed as follows : — 

SOj + 3H2 = SHa + 20Hj. 

SO3 and SHs give rise to the formation of pentathionic acid, with precipi- 
tation of white sulphur, according to the equation : — 

{SO2H0 
Sa + Sft + 40H8. 

SO2H0 
Pentathionic 
acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SnSa- The hydrogen of the hydrochloric 
acid acts as the reducing agent, and is detached from the chlorine by the simul- 
taneous action of the &1CI2 and SO2, the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulphur, to form SH2, which in its turn acts upon the stannic chloride, 
SnCli, (or SnCl2) to form yellow stannic sulphide, SnSa (or brown SnS). 
The following equations express the changes : — 

(1) SOH02 + 3SnOl2 + 6HC1 = 8SnCl4 + SH2 + 30Ho. 

(2) SnGl4 + 2SH2 -= SnS2 + 4HC1. 

Yellow 
stannic sulphide. 
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QUESTIONS AND EXERCISES. 

1. Desoribe different methods of preparing sulphurous anhydride. 

2. How would you prepare normal and acid potassio sulphite ? 
8. . What is the action of heat upon sulphites ? 

4. Which sulphites are soluble and which are insoluble in water ? 

5. G-iye illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what oiroumstanoes sulphurous acid can act as an oxidizing 

agent ; giye instances of such action. 

7. How would you distinguish sulphurous in the presence of sulphuric acid ? 

8. What changes take place when a mixture of dipotassic dichromate and sodic 

sulphite is treated with concentrated HOI P Oive equations. 

9. How would you fix the sulphurous acid produced by the combustion of oor- 

bonio disulphide contained in coed gas ? 



HYPOSULPHUROUS ACID^ SSOHo, (stdpho-sulphuric 
a-cid). — ^This acid has never been obtained in the ^ee state. Com- 
bined witb soda it forms an important salt, viz., sodic hyposulphite 
(the hypo of the photographer), obtained by boiling a solution of 
sodic sulphite with sulphur, or by the oxidation of an alkaline per- 
Bulphide in contact with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

.4(SSONao2) = SftNaa + SSOaNao,. 

Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the sulphur. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF SODIC HYPOSULPHITE, SSONaoj, IS employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case, when sulphur separates in chemical reactions. 
This chcmge cha/racterisea hyposulphites. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

* Beoent inyestigations (Deut. Ghem. Gtes. Ber., yii, p. 646) render it nro- 
bahle that the composition of hyposulphites is not SSOB02, but SOsBs,Bo (& » 
monad metal). 
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N02Ago gives a white precipitate of argrentlc hyposulphite, 

SS0Ag02, soluble in sodic hyposulpliite, wHch speedily turns 
yellow, then brown, and lastly black (SAgj), especially on the 
application of heat, thus : — SS0Ag02 -j- OH2 = SAg2 -f SO2H02. 

Mercurous nitrate and plumbic acetate give similar precipitates, 
which are decomposed by heat into HgjS or PbS, and sulphuric 
acid. 

SnClt gives a hrovm precipitate of SnS. 

Hyposulphites, like sulphites, are readily oxidized, but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
completely to sulphates, eyen in the cold, thus : — 

SSONaoa + 4CI2 + 5OH2 = 2S02HoNao + 8HCL 
SSONaoa 4- 4ClNao + OHg == 2S02HoNao + 4Na01. 

SSO]S'ao2 gives with Fe2Cl6 at first a reddish-violet coloration (difpebence 
BETWEEN SULPHITES AND HTPOSFLPHiTEs) , hut on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of FeOl2, thus : — 

SSO]S"ao2 + 4Pe30l6 + SOHj = 2S03HoNao + SPeCla + 8HC1. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the 
acid sulphuretted hydrogen : — 

SSONaoa + 4Ha + 2HC1 = 2SH2 + 3OH2 + 2NaCl. 

Sodic hyposulphite is a useful solvent for AgOl (hence its application in photo- 
graphy), H8r2Cl2 and S02Pbo". Calcic hyposulphite, SSOCao", has also found 
an interesting application, as an agent for removing the last traces of chlorine in 
the bleaching of paper pulp, and from fabrics bleached by means of bleaching 
powder, to prevent their deterioration by the traces of chlorine which they are 
apt to retain. It has on that account received the name of antichlor. The free 
hydrochloric acid which is formed in the reaction is neutralized by passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which con- 
verts the silver into AgCl, insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

f SO Ho f ^^^-'^^ 

are others, such as dithionic, < ar\TT » trithionic, < S , tetra- 

1SO2H0 \SO2H0 

r SO2H0 r SO2H0 

thionic, < S2 and pentathiomc addsy < Ss , which occur but 

LSO2H0 LSO2H0 

rarely, and resemble one another considerably in their reactions. 
Their consideration must be reserved for a more extensive course of 
study. 

QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, aluminic, chromic, and manganous hypo- 

sulphites ? 

3. How are hyposulphites affected by ignition P 
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4. What change takes place, when a solution of calcic hyposulphite is boiled, 

1st, by itself, 2nd, whdn it is treated with HCl ? 

5. Explain the action of sodic hyposulphite upon plumbic, argentic, mercurous 

and stannous salts. 

6. G-iye instances, 1st, of the reducing action, and 2nd, of the oxidizing action 

of hyposulphites. 

7. Explain the term antichlor, 

8. State what application sodic hyposulphite has found in photography and in 

metallurgy. 

9. Gtive graphic formulsB for sulphosulphuric, dithionic, trithionic, tetrathionic 

and pentathionic acids. 
10. How would you separate baric hyposulphite from baric sulphate P 



HYDROSULPHURIC ACID^ SH3. —Obtained as a colour- 
less gas by the decomposition of certain metallic sulphides, such as 
PeS, ZnS, SbjSa, by means of sulphuric or hydrochloric acid. It 
is characterized by a most foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming salphuretted hydrogen 
water or hydrosnlphuric acid, which reddens blue litmus-paper 
feebly. Hydrosnlphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in the dry and wet way, forming water 
and metallic sulphides. It is on this account a most valuable re- 
agent. Many of the native sulphides, e.gr., won jpyrites, galena, 
cmnaba/r, zinc blende, are met with in vast masses. 

BEACTIONS IN THE DRY WAT. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close vessel, 
into metal and sulphur, e.g,, Au^Ss; some sulphides, such as 
PtSa, PeSa, SbjSs, SnSa, PbS yield up a portion of their 
sulphur and are reduced to PtS, PegS*, SbjSs, SnS, PbjS; 
others sublime without decomposition, such as AS2S3 (orpiment), 
HgS {cin/naha/r). The greater number of metallic sulphides remain^ 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open 
at both ends. SAg2 leaves metallic silver (usually also a little 
S02Ag02), the sulphur by combining with oxygen, passes off as 
S02; some sulphides leave a metallic oxide, e.g., SnS, Sb2S3, 
BigSs ; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide (galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields SO3 
and CuO ; at a lower temperature SO2CU0". PeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat, lose their acid, leaving 
metallic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper pyrites, galena, grey 
antimony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution of SO2, since earthy sul- 
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phites are broken up, on ignition, into oxides and sulphurous 
anhydride. 

BE ACTIONS IN THE WET WAT. 

Alkaline and alkaline earthy sulphides a/re soluble in water (CaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH2. All other 
sulphides are insoluble in water. Several of the latter, such as FeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as NiS, CoS (difficultly soluble), SbjSa, 81182, 
PbS. Sulphides which are insoluble, or difficaltly soluble, in concen- 
trated hydrochloric acid, such as Bi2S3, OuS, SAg2, PbS, AS2S3, are 
decomposed by concentrated nitric acid ; they are generally oxidised 
into sulphates — at first with separation of sulphur which, by pro- 
longed digestion, is for the most part converted into sulphuric 
acid. Others, such as HgS, PtS2, AUaSs. (AS2S3) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, with separation of 
sulphur and formation of SO2H02, and of a metallic chloride. On 
dissolving PbS, SnS2, SbgSs, AS2S3, in concentrated nitric, instead 
of hydrochloric acid, they are converted principally into S02Pbo", 
SnOa, SbgOi, AS2O6. 

To detect SH2 (in am, aqueous solution") or a soluble sulphide (a 
solution of SAm2 may be conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
or is passed through a solution of a plumbic salt. {Iron pyrites, 
PeS2, and copper pyrites^ CU2S,Fe2S3, give ofE SH2 only in the 
presence of hydrochloric acid and zinc). 

Sulphides which are not decomposed by hydrochloric acid^ yield 
sulphur on treatment with nitric acid or aqaa regia, and must be 
recognized by this and the products of decomposition, such as 
SX1O2, SOjPbo", as well as the reactions which they give, when 
examined in the dry way, 

Many native Bulphides, such as fahl ore, etc., are expeditioasly examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into chlorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into water. 

To detect a soluble sulphide in the presence of free SHj, add a few drops of a 
solution of sodio nitroprusside. This reagent does not affect free SH2, but gives 
a fine purple colour with the merest traces of soluble sulphides. The colour dis- 
appears only after some time. 

A mixture containing a soluble cdkcUine sulphide^ ^posulphite, sulphite, 01 
sulphate may be examined by adding OOCdo'^ to the aqueous solution. Filter, 
dissolve the excess of OOCdo^' in the precipitate by means of dilute acetic acid ; 
a residue of yellow CdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaOlj ; a precipitate is obtained, consisting of SOgBao'' and SOBao'^ 
Filter off ; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of S02Bao'' indicates the presence of an alkaline sul- 
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..phite. The filtrate from the BaGl2 precipitate is searched for SSOH03 bj the 
addition of HCl and boiling. A precipitate of yellow sulphur and the odour of 
SO3 indicate the presence of a hyposulphite. 

To remove SH3 from a gaseous mixture of OO3 and SH21 add a solution of 
oupric chloride and shake up with the gases. 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when hjdrosulphurio acid is passed 

through saline solutions, the metals of which form insoluble sulphides. 
Q-ive instances. 

2. Explain the action of heat upon the different metallic sulphides. 
8. Which sulphides are soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. G-ive characteristic instances, 
and express the changes by equations. 

5. Describe the most delicate reaction for gaseous SH^. 

6. What is the action of nitric acid upon ZnS, PbS, OuS, SnS, SbaSs ? 

7. How would you proye the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SH2 and CO^ contained in a gaseous mixture. 

9. How can you prove the presence of SHj in coal gas ? 

10. 10 litres of unpurified coal gas yielded *235 grm. of OdS. What is the 

percentage of SH2 in the gas P 

11. '650 grm. of galena gave *632 grm. of BO^ho", What is the percentage of 

Pb and of S in the g.ilena ? 

12. What change takes phioe when PtSa, SbjSs, FeSj, A83S3, and HsS are 

heated with exclusion of air ? 
18. How would you test for SHj in sewer ^ses ? 
14. How would you detect sulphur in pig iron P 
16. Explain the action of chlorine, bromine, and iodine upon SHj P 
16. How is sulphur detected in organic compounds, such as coal ? 



NITRIC ACID, NO2H0.— Obtained as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid. It is characterised by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

REACTIONS IN THE DRY WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen 
and oxygen being generally given off. Thus ammonic nitrate, 
NOsAmo, breaks up into ON2 and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately into oxide — nitro- 
gen and oxygen being given off ; others, such as plumbic nitrate, 
into and N2O4, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, such as carbon (char- 
coal, alkaline cyanides, etc.), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule N2O6. (Chlorates explode in like 
manner, but leave metallic chlorides.) 
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EEACTIONS IN THE WET WAT. 

With the exception of a few basic salts, nitrates are readily 
soluble in water.; hence nitric acid cannot be tested in the usual 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompani^ by the evolution of lower 
oxides of nitrogen), or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Reactions in which nitric acid is redAiced to lower oxides of 
nitrogen, 

A SOLUTION OF NITEIC ACID OE OF POTASSIC NITEATB, NOjKo, may 

be employed. 

NO2H0 (or NOaKo) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas,* NjOaCli, is evolved, and the liquid acquires 
the power of dissolving gold-leaf or platinum foil, wiiich are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinum, but give off no N2O2.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N2O2, consisting of four molecules of the salt with one 
molecule of nitric oxide (4SOjFeo",N302). The other three atoms 
of oxygen &om two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, SsOeFcaO^. This con- 
stitutes one of the most deHcate reactions for nitric acid. The change 
may be expressed thus :— 

lOSOjFeo" -f SSOaHo, + 2NO2H0 ^ SSaOeFejO^ 
+ 4S02Feo",N20, + 40H2. 

A solution of a nitrate, when added to a solution of indigo in sulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free^ 
chlorine and other oxidizing agents bleach indigo likewise.) 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy ^mes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hydric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 

* From the recent inyestigations of Tilden (Ghem. Soc. Joum., July, 1874, 
p. 634) it appears that &ay Lusaac'a KSO2CI4 gas is a mixture of nitrosyl mono- 
chloride, KOCl, with varying quantities of chlorine. 
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water, or water draining from arable land, may be detected by first 
rednoing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solntion of ferrons salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or very 
dilute sulphuric) acid, a fine blue precipitate of iodide of starch is 
produced, thus : — 

2NOKo + 2KI -f- 2SO8H02 = N^Oa + 2SO2K0, + I2 -h 20Ha. 

This reaction is exceedingly delicate. 

2nd. Recictions m which nii/ric add is entirely reduced, atid its 
nitrogen con/oerted into ammonia, 

AH nitrates when fused with caustic potassa, Hme, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar 01: starch, 
evolve ammonia, thus : — 

6NOaKo + ISKHo + OiaHaaOn = 12COEo, + 6NHs -h llQHa. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of anmionia, thus : — 

(1) Zn + 2KHo = ZnKoa -f Hj. 

(2) NOaKo + 4H2 = NHs + KHo -j- 20Ha. 

When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : — 

4SnCla + NO2K0 + lOHCl = 4SnCl4 + NH4CI + KCl + SOH,. 

To detect free nitric acid in the presence of a nitrate, evaporate the solution 
on a water-bath with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with COBao''> 
filter off and test the filtrate for barium by means of sulphuric acid. 

QUESTIONS AND EXEBCISES. 

1. Explain what changes take place when nitrates are heated by themselves. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. • 
8. Why can the metals Cu, Pb, Ag, be employed for the detection of nitric acid 
or a nitrate ? 

4. Explain what changes take place when a solution of potassic nitrite, potassic 

iodide, starch, and dilute sulphuric acid are mixed together. 

5. How can ammonia be obtained from a nitrate ? Describe several processes. 

6. How would yoa test for nitrates in a soil, in sewage water, in mineral 

waters? 

1 2 
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7. How mucli ferrous sulphate (SOHo2Feo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

8. Calculate how much nitre is required to deflagrate, Ist, 1*5 grm. of sugar, and 

2nd, '5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate ? 



NITROUS ACID, NOHo.— Both the acid and anhydride are 
marked by their proneness to undergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

REACTIONS IN THE DRY WAT. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fiict, most 
of the dry reactions in common. 

REACTIONS IN THE WET WAY. 

All nitrites are soluble in water ; argentic nitrite, NOAgo, is 
difficultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral soluble chlorides. Dilute acids 
liberate N2O2 and convert a portion of the nitrite into nitrate, 

thus : — 

3NOKo + SO2H02 = NjOa + NOaKo + SO2K0, + OH2. 

The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

1st. Reactions in which the acid acts as an oxidizing agent : — 

SH2 decomposes aqueous solutions of alkaline nitrites, with formation of 
N3O3 (of NH3 when the reaction goes on for some time) and alkaline sulphides, 
thus: — 

2NOEo + 2SH3 = K2O2 + 20H:s + SaKa. 

In acid solutions the decomposition is accompanied by a copious separation 
of sulphur. 

FeCl2, on the addition of a little hydrochloric acid, is turned dark brown, if 
a nitrite be present, owing to the absorption of N2O2 gas by a portion of the 
unozidized ferrous salt. On the application of heat N3O3 is evolyed, thus : — 

2FeCla + 4H01 + 2NOEo «= PesCl^ + 2E01 + KaOj + 2OH3. 

N0(NH40) breaks up, on the application of heat, into N and OH3, the hydro- 
gen of the Nil4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like manner, on the addition of ammonic chloride (or some other 
ammonic salt), thus : — 

OOAmo3 + 2NOKo « N4 + 4OH3 + OOK03. 

KI and starch solution give in the presence of a nitrite and a dilute add blue 
iodide of starch. (See under HI, p. 128). 

2ud. Reactions in which the acid acts a^ a reducing agent^ a/nd is 
converted into nitric acid, thus : — 

2NOHo + 02 = 2NO8H0, 
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AuGlg and HgrsCls give metallic gold and grey metallio mercury. 

•j MI^O^^OK^i oxidizes nitrites into nitrates in the presence of a mineral 

aoid (SO3H02, HGl), and the permanganate solution is rapidly decolorized. 

Or^OgKoa is reduced under similar conditions to a chromic salt. Nitrates 
are not affected by potassic permanganate or alkaline chromates. 

FbOs converts NOHo into NO^Ho ; but does not act upon dilute NO2H0 
(disthtction bbtwbbn niteous xsd nitbio aoid). 

QUESTIONS AND EXEECISES. 

1. Explain the changes which take place when N2O4 is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by uiemselves ; 2nd, 

in contact with carbon or sulphur. 

3. How can NOKo be separated from NO2K0 ? 

4. What is the action of dilute sulphuric acid upon NOEo ? 

5. Q-ive instances, 1st, of the oxidizing, and 2nd, of the reducing action of 

NOHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited N204Pbo", 

NO(NH40), and NOKo? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated NO2H0, 1st, upon starch, 2nd, upon 

A82O9. 

9. How would you prepare pure jtq^^' ** 

10. Explain the action of heat upon a solution of wQC^ao'^ and AmOI. 



HYDROCHLORIC ACID^ HOI. — Oaseons hydrochloric 
acid is readily absorbed by water, and forms then one of the most 
nsefol acids. Chlorides are among the most important chemical 
compounds. They differ considerably in their physical properties. 

REACTIONS IN THE DET WAY. 

Some chlorides are Hqoid and can be distilled withont decom- 
position, such as S11CI4, SbCls; SbCls is a soft grey crystalline 
fnsible solid which distils at 225° C. ; others are solid, fasible and 
non- volatile at a moderate heat, such as AgCl, FbCU, BaOU, NaCl. 
Upon ignition certain chlorides, such as AuOls, PtCl*, are decom- 
posed with evolution of chlorine gas, first into AuCl, and PtCl2, 
which are almost insoluble in water, and finally into Au and Ft. 
Magnesic chloride is decomposed by heat in the presence of water 
into MgO and 2HG1. Anhydrous ferric chloride, when heated in 
contact with air, is decomposed into Fe208 and 3OI2. 

Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a blue colour to the outer flame, owing to the 
formation of volatile CuCla. 

When a dry chloride is mixed with dipotassic dichromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
deep hroumish-red gas, called ctalorocliroiiilc add, CrOaCla, comes off, 
which condenses to a like coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 
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4NaCl + CrjOfiKoa -h 3SO2H02 = 2Cr02Cl3 + 2S02Nao2 

Ohlorockromic acid. 

+ SOaKoa -f 3OH2. 

This liquid is speedily decomposed, on dilntioii with water, into 
chromic and hydrochloric acids, thus : — 

CrOgCla -f 2OH2 = CrOaHoz + 2H01 ; 

or by aqueous ammonia or potassio hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizing chlorides in the presence of hrmtiides. The latter yield 
bromine when treated similarly. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF SODTC CHLORIDE is employed. 

All chlorides may be divided into : — 

1st. Chlorides insoluble in water,, such as AgOl and Hg2Cl2, 
which are quite insoluble; PbOl2, which is difficultly soluble in 
cold, readily soluble in boiling water ; and Ca2Cl2, AuCl and PtCl2, 
which are almost insoluble in water. 

2nd. Chlorides which a/re soT/uhl-e vn water, comprising all other 
chlorides. 

In order to ascertain the presence of a soluble chloride, or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers every purpose, and is therefore invariably 
employed to detect hydrochloric acid. 

N02Ago gives a white cm^dy precipitate of argentic chloride, AgOl, 
especially from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoluble in 
dilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, from which AgOl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-Hke mass, called homsiher, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOj + 2NaCl + 2SO2H02 = 01, + SOjMno" -h SOjNaoj 

-h 2OH3. 

This gas is readily recognized by its characteristic odour and 
bleaching properties, its yellowish-green colour, and its action upon 
iodized starch paper, or upon a dilute solution of potassic iodide and 
freshly jprepared starch solution, giving rise to the formation of hlue 
iodide of sta/rch. 
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Concentrated sulphnric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SOaHoj = SOzNao^ +2H01. 

HgCl2, HgjOla, AgCl, PbOla, SnCl2, and SnCli, are decom- 
posed, with difficulty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgOl, HgaCla, and PbOli, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides and heated in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. 

Traoes oifree HCl, in the presence of a soluble chloride, are best detected by 
gently heating with MnOs or FbOj, and passing the eyolved chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2KI + 
CI2 = 2KC1 + Is) which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. How are the several solid chlorides acted upon by heat ? 

2. How is chlorochroinic acid prepared P 

8. Classify all chlorides accordmg to their solubility in water. 

4. Describe the most characteristic tests for chlorine, as well as for hydrochlorio 

acid or chlorides. 

5. How are insoluble chlorides examined ? 

6. How would you detect free HCl in the presence of a metallic chloride ? 

7. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodic hyposulphite, and sulphuric acid upon AgCl, 
HflTsOls, and Pbdj. 

8. You have giyen to you 100 c.c. of a liquid containing free HCl and a soluf 

tion of sodic chloride. 50 c.c. of the liquid gave 2*345 gnus, of AgCl. 
After eyaporation and Ignition of the other 50 c.c. the -residue yielded on 
precipitation with argentic nitrate 1*596 grm. of AgCl. What 19 the per- 
centage of HCl and of sodie chloride in the liquid P 



CHLORIC ACID^ j q^^.— Obtained, in combination with 

calcinm, by passing chlorine throngh a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solnlaon of the calcic chlorate, formed according to the equation : — 

fOCl 

6CaHo2 -f 6Cla = j qCbo" + SCaCU + 6OH2, 

{001 

add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, < q-j^ , are formed by double decomposition. Potassic 

chlorate, being Httle soluble in cold water, and still less so in a 
solution of csdcic chloride, crystallises out, and is washed with cold 
water and purified by recrysiallisation. 
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EBACTTONS IN THE DRY WAY. 

All chlorates are decomposed by heat; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving a 
residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a pure chlorate (unignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substances, such as C, 
S, P, or KOy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates are soluble in water, Li order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greendsh-yellow gas^ caUed chloric peroxide, O4CI2, 
oomes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of the 
chlorate should, therefore, be employed, and the test-tube should be 
held with its mouth turned away from the operator. The change 
may be expressed by the equation : — 

3 { Y^ -f 2SOaHo, = 2SO2H0K0 + < O + < Oa -f OH2. 
l^^'^ lOKo LOCI 

Fotaasic Chloric 

perchlorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric peroxide and fi-ee chlorine, called 
eiichlorme, thus : — 

8 \ o^ + 24HC1 = S^i O2 + 9Cla + 8KC1 + 120Ha. 
lOKo ^Q^j 

A solution of indigo (sulphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
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phnrio acid fails to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphurous acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them jfreely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to dUtinguish a nitrate from a chlorate^ dissolye a small portion 
of the two salts in water, and add a few drops of argentic nitrate to malie sure 
that no chloride is present. Ignite another portion strongly till the evolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a blue coloration of iodide of starch 
proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride hepresewty as well as a chlorate and nitrate^ a solution of argentic 
sulphate must he added to the solution, as long as a precipitate comes down. The 
. AgCl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carbonate, and the residue strongly ignited. The dry mass is 
extracted with a little boiling vrater, filtered, and argentic nitrate added to a por- 
tion of the acidulated (19'OsHo) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate undergoes on ignition. 

3. Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of concentrated 

hydrochloric acid upon potassic chlorate. G-ive equations. 

4. How can a chlorate he detected in the presence of a chloride ? 

5. How can a nitrate' and a chloride be recognized in the presence of a 

chlorate ? 

6. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

arsenious acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 



HYPOCHLOROUS ACID, ClHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of adds. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides, by passing chlorine through 
a solution of the carbonates or hydrates. An important compound 
closely related to the hypochlorites is the calcic chlorohypochlorite 
(a constituent of chloride of lime or hleaching jpowder*), which appears 
to be formed according to the equation : — 

CaHoa + CI2 = Ca(OCl)Cl + OH^. 

Hypochlorites are gradually decomposed on exposure to air 
(owing ptobably to the action of the carbonic anhydride contained 

* The actual composition of this important body is usually expressed by the 
formula :— Ca(OCl)01,OaO,2OH2, requiring 32*42 p.c. of chlorine, more accu- 
rately, however, by that of Ca(001)Cl,OaHo2, which requires 36*32 p.c. of 
chlorine. 



122 HYDROBROMIO ACID. 

in air). Dilate acids liberate chlorine, and it is on this account 
that hypochlorites are of snch great value as didnfectcmU and 
bleaching agents* 

EBACTIONS IN THE DET WAT. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thus :— 

;oci 

■QCao" + 5CaOl2. 
OCl 



60a(0Cl)Cl = 



EEACTIONS IS THE WET WAT. 

We employ A solution of calcic or sodic htpochlorite, 
ClNao. 

All hypochlorites are soluble in water. Their aqueous solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between htpochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides ; the detection of hypochlorous acid is 
based upon the various processes of oxidation to which its salts can 
give rise, thus : — 

ASaOs is oxidized to AS2O5. 
MnCla „ „ MnOa. 
PbO „ „ PbOa. 

PbS „ „ SO^bo". 

(coSo » " 2C0, + OH. 
Indigo or litmus is readily decolorized. 

QUESTIONS AND BXEEOISES. 

1. Giye the graphic formula for calcic chlorohypoohlorite. 

2. Gire illustrations of the oxidizing action of hypochlorites. Express the 

changes by equations. 
8. How is hlecuMng powder prepared ? 

4. Explain the bleaching action of an aqueous solution of a hypochlorite. 

5. What change takes place — 1st, when a hypochlorite is ignited by itself; 

2ndl7, when a concentrated solution of a hypochlorite is boiled P 

6. Explain the deodorizing action of hypochlorites when brought in contact with 

SH3, SAnij, PHsi If H9. 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of hlectching powder contains 26*6 per cent, of chlorine. How much 

AsoOs by weight will be required to deoxidize C dechlorinize") 1*236 
grm. of the bleaching powder P 

HYDROBROMIO AGID, HBr.— The element bromine occurs 
in nature mainly in combination with the. fixed alkalies and the 
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metals of the alkaline earths (calciam, magnesium), forming salts, 
called bromides, which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

REACTIONS IN THE DKY WAY. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AuBrs and PtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
ill2Br6, etc., are decomposed, on evc^poration of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with ammonic chloride. When frised with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fusion with alkaline carbonates. 

Heated before the mijLer flame of the blow-pipe on a bead of miorooosmio salt, 
in which a little oupric oxide has been difPused, bromides impart a blue colour to 
the flame, which passes into green, especially at the edges. This distinction 
between chlorides and bromides is, howeyer, not yery marked. 

EBACTIONS IK THE WET WAT. 

A SOLUTION OF POTASsio BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into-— 

1st. Bromides which a/re insoluble in water, such as AgBr, 
'Hg'sBrs, PbBr2 (less soluble in water than PbCl2), and — 

2nd. Bromides which a/re soluble in water, comprising all other 
bromides. 

Certain bromides, e.g,j SbBrs, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic add. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellovnsh white precipitate of argentic bromiile, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
Bodic hyposulphite. By decanting the snpematant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish brown ^imes of bromine are 
evolved which colour starch paste yellowish, (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, Hg2Br3, PbBrt, can be 
decomposed by heating in a test-tube with alkaline carbonates (free 
from chlorides). The aqueous extract is tested for hydrobromic 
acid, and the insoluble residue for silver or lead. HgjBra gives a 
sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
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firom soluble bromides, and to cause the reddiah-hrown vapour to act 
upon starch paste with formation of yellowish bromide of sta/rch. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine from soluble bromides. (DiSTmcTiON between 
BROMIDES AND IODIDES.) All bromides ai*e, however, decomposed by 
chlorine, with evolution -of bromine, which remains dissolved in the 
aqueous solution. On shaking with a little ether, the bromine is 
taken up by the ether, forming a yellowish-red liquid, which floats 
on the top of the saline aqueous solution. This ethereal liquid may 
be removed by means of a small pipette, and on being treated with 
potassic hydrate is converted, on evaporation, into potassic bromide 
and potassic bromate, thus : — 

3Br, + 6KH0 = 5KBr + | ^^^ -f SOHj. 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
118) ; for instance, on distUling with manganic oxide and concen- 
trated sulphuric acid, thus : — 

2KBr + MnOj + 2SO3H02 = Brg + SO2K02 + SOjMno" + 20Ha, 

or by distilling a bromide with dipotassic dichromate and sulphuric 
acid, thus : — 

6KBr + CraOftKoa + 7S02Hoa = SBr^ + SsOeCrjo^ + 4SO2K03 

+ 7OH2. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubidated retort (Fig. 16), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapours of bromine passes over, 
and condenses in a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice), to a 
reddish-brown heavy liquid. 
P,^ 10 Concentrated sulphuric acid 

aJone evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, thus : — 

4KBr 4- 3SO2H0, = Br, -h 2HBr + 2SO2K0, -h 20Ha + SO,. 

Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus : — 

2KBr + 4NO2H0 = Bra -f 2NOaKo + NjO* + 20Ha, 
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In the two last reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichromate in the former reactions. 

It is obyiouB that the hydrogen may also be remoyed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63® C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agent, t.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances (e.^., 
sunlight), with liberation of oxygen, sulphur, etc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra + SH2 = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3BI^J + 4OH2 + S = 6HBr + SOaHoj, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, hypo- 
sulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the presence of a chloride, argentic nitrate 
is added gradually to the solution, acidulated with a little dilute nitric acid. 
AgBr is precipitated first, and by filtering off, as soon as the precipitate appears 
-white — an inmcation that the whole of the bromide hai^been precipitated, and 
that AgOl begins to £evI1 out — the two acids may be rou ghly separated. 

It is, however, preferable to employ the reskotion deBH|kd at page 117, viz., 
of distilling a mixture of a dry chloride and bromide -vj^Vdipotassic dichromate 
and concentrated sulphuric acid, and of obtaining ch],JKhromic acid and bix>- 
mine, the former being decomposed by water into i^^OsHoa and HCl. The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid containing ammonio bromide and bro- 
mate is obtained. 

QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can be obtained froim a soluble bro- 

mide. 

2. How would you prepare HBr from a soluble bromide ? 
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3. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

6. Describe the most characteristic tests for bromine, and for HBr. 

6. Explain the action of chlorine, dilute^ HGl, concentrated SO2H02, concen- 

trated NO3H02, and of POHos upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together P 

9. Explain the action of SH^, SONaoj, and SSONaos upon bromine suspended 

m water. 

10. Giye the atomic and volume weights of bromine and of hjdrobromic acid. 

11. 1'56 grm. of argentic bromide are heated in a current of chlorine ; what will 

be the weight of the silrer salt left P 



{0B1* 
OHo* — 0b^^^t^6<^ ui combination with potassium by 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Potassic bromate ciystallises out from the slightly yellowish-coloured liqmd, and 
is purified fix>m potassic bromide by washing with water and recrystallisation. The 
reaction takes place according to the equation : — 

3Br2 + 6KH0 = 5KBr + | ^|.^ + 8OH2. 

^ The free acid is obtained by decomposing baric bromate with dilute sul- 
phuric acid. 

SEACTIONS IK THE DBY WAY. 

All bromates are decomposed by heat. Some, e.g., the alkaline bromates, 
fuse and eyolve oxygen, leaying a bromide ; others, such as zincic and magnesic 
bromates, leaye an oxide and giye off oxygen and bromine ; others, again, leaye an 
oxide and a bromide, «.^., plumbic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

BBACTIONS IN THE WET WAY. 

{OBr 
OZo* 

All hromates are soUihle in water. Argentic and mercurous bromates are 
difficultly soluble. . 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic add from its 
salts, which, howeyer, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous adds, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed 
into bromine and water, thus : — 

6KBr + I Q^^ + 6Ha -= 3Br2 + 3OH2 + 6KC1. 

The weak affinity of bromine for oxygen is, moreoyer, rendered apparent on 
!»oiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo- 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

r 0B1* 

with K02Ago ; the white argentic bromate, •< Qk„, gives off bromine on 

being treated with HCl. The residue which bromates and chlorates leaye on 
ignition may also be tested by any of the methods described under hydrochloric 
and hytlrobromic adds. 
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QUESTIONS AND EXERCISES. 

1. State how potassic and baric bromates are prepared. 

2. Describe the changes which metallic bromates undergo when submitted to 

heat. 

3. Explain the action of dilute acids upon potassic bromate. 

4. What is the action of SH}, SOj, or PjOg upon potassic bromate P 
6. How can a bromate be distinguished in the presence of a bromide ? 

6. How can a bromate be distinguished from a chlorate or nitrate ? 

7. How is free bromic acid obtained ? 

8. How much potassic bromate should there be obtained from 60 g^rms. of 

bromine f 



HYDRIODIC ACID, HI.— Occurs in nature in the form of 
soluble iodides (KI, Nal, Mgl2, Cal2), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

EEAOTIONS IN THE DRY WAT. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air, Auls and Ptl^ give ofE 
iodine, and leave the metals; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with ammonic chloride converts iodides 
only partially into chlorides. On fusing cupric oxide in a bead of 
microcosmic salt, and introducing a little potassic iodide into the 
bead and heating in the inner blowpipe flame, the outer flame 
becomes of tkjme emerald green colour, 

REACTIONS IN THE WET WAT. 

We employ a solution of potasSic iodide, KI. 
All meWlic iodides may be divided into — 

1st. Iodides insoluble in water, such as Agl, Hg2l2, lELgXty 
Pbia, CUala (Blls, Aulg, Ptl*), and Pdlj, and— 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or conversion of the soluble vnto insoluble 
iodides. 

NO^Ago gives a yellowish white precipitate of argentic Iodide,. 
Agl, insoluble in dilute nitric acid!, almost entirely insoluble in 
ammonic hydrate (distinction between HI and HCl, or HBr) ; 
soluble in potassic cyanide. 

NjOiHgao" gives a yellowish green precipitate of mercurons 
Iodide, Hgslj, insoluble in dilute nitric acid, soluble in potassic 
iodide. 
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HgCl2 giving a beautifal vermillion red precipitate of mercnrlc 
Iodide, Hgis, soluble, however, in excess either of mercnric chloride 
or of potassic iodide. 

( I CO^r^^" &^^®^ ^ tngrA^ i/eZZo«; precipitate of plumbic Iodide, 

Pbl2, soluble, like the chloride, in hot water, from which it crystal- 
lises oat, on cooling, in beautiful shining yellow scales ; soluble in 
dilute nitric acid. 

S02Cu2o" (enprous sulphate), obtained by treating SO2CU0" 
with SOHo2, produces a dirty white precipitate of enprous iodide, 
CU2I2, which is of interest, because chlorides and bromides cannot he 
precipitated in like manner, and because it serves frequently for 
removing iodides from dilute solutions containing chlorides and 
bromides. 

2nd. By liberating iodme, and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilate solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a freshly-jpr&pared solution of starch, to 
which it imparts a. fine blue colour, owing to the formation of iodide 
of sta/rch. This is one of the most delicate tests. The reaction 
serves equally well for the detection of NOHo (comp. page 116), or 
NO2H0, after reducing to NOHo (see page 114), thus : — 

2KI + 2NOK0 + 4HC1 = la + 4KC1 + N2O2 + 2OH2. 

A solution containing free iodine may also be shaken up with a 
few drops of carbonic disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite; 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., Ba02, Pb02, MnOa 
and HCl, or Fe2Cl6 and HOI), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e,g, : — 

2KI + Mn02 + 2SO2H02 = I2 + SOaMno" + SOsKo, -f 

2OH2, or 

6KI + CrjOsKo, + 7SOaHo2 = 3Ia + SaOeCr.o'^ -f 4SO2K02 + 

7OH2. 
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Concentrated acids, such as SO2H02, or N02Ho, decompose 
iodides with separation of blnish black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI -f 2SO2H02 = I2 + SOzKoa + SO2 + 2OH2. 
2KI + 4NO2H0 = I2 -h 2NO2K0 + N2O4 + 2OH2. 

On fusing an iodide with SO2H0K0, iodine is likewise liberated, 
thus : — 

2KI + 4SO2H0K0 = 3SO2K0, + SO, + I2 -h 20H,. 

On examining for traces of iodine by acting upon an iodide with chlorine or 
bromine, excess of the latter elements must be carefully avoided, as the iodine 
forms with the chlorine or bromine colourless chloride or bromide of iodine, and 
destroys the blue colour of iodide of starch, or the violet colour of the carbonic 
disulphide solution. The blue colour of iodide of starch is also destroyed by 
various reducing agents, such as SO,, SH,, As^Os, SnCl,, and Hg'20l3, or by 
any organic reducing body. Alkalies destroy the colour, dilute acids (even acetic 
acid) restore it again. Oji heating iodide of starch the colour disappears, but 
reappears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
agents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygen being transferred to the reducing agent, thus : — 

SOH02 (a dilute solution) + I3 + OHs = SO3H0S + 2HT. 

SH2 +13 = 2HI + S. 

AsHos + I3 + OH3 = 2HI + AsOHos. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
SH3. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides have to be fused with alkaline carbonates. 
The aqneous extract is examined for iodine, and the residue for the 
metal. 

QUESTIONS AND EXERCISES. 

1. How would you extract iodine from Mfirls? G-ive several methods, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Classify all iodides according to their solubility in water. 

4. Explain ))ow you would distinguish HCl, HBr, and HI, when occurring in 

one and the same substance. 

5. Explain the action -of iodine vapour upon starch. 

6. Why is it preferable to Uberate iodine by means of N3O8, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal ? 

9. G^ive graphic formulas for cuprous and mercurous iodides. 

10. Explain how you would cUstinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of 8O3 acts upon iodine, and 

how can iodine be made the measure for SO3 and vice versd 1 

12. 10 Utres of a mineral water yield '184 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 

K 
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IODIC ACID, •< QTT • — Potassic iodate is obtained, like the corresponding 

chlorate and bromate, by dift&olying iodine inpotassic hydrate. The iodate crystal^ 
lises out first, being much less soluble than EI. Tlie fi4e acid can be prepared by 
decomposing baric iodate with sulphuric acid, thus : — 

roi 

1^ Bao" + SO2H02 = ^{0^0 + SOaBao". 

lOl 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
iodine, or by passing chlorine tlu*ough iodine suspended in water. 

BEACTIONS IN THB DBY WAY. 

All iodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less yiolently than chlorates 
or bromates. 

EBACTION8 IN THB WET WAT. 

We employ A solution op potassio iodatb, •< q^ " 

Alkaline iodates alone are soluble in wafer. 

BaCl] giyes a white precipitate of baric iodate, soluble in nitric add. 

NOgAgo produces a white crystalline precipitate of arirentic iodate^ 
sparingly soluble in nitric acid, readily soluble in ammonic hydrate (distinction 
PBOM HI). On the addition of a reducing agent, e.ff,, SOH03, to the clear 
ammoniacal solution of argentic iodate, a precipitate of Agl is obtained, 
thus : — 

{ OAgo ■*■ SSOHoi = Agl + 3SO2H02. 

Potassic iodate is decomposed by SK^, with formation of potassic iodide and 
sulphuric acid, and precipitation of sulphur; by SOH03, with separation of 
iodine, which (by the decomposition of water) is converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids (e.ff., acetic 
acid), with liberationof iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off iodine when they come in contact with variouj reduc- 
ing agents, «.^., SO^, SSONao2, SnCl2, differ, however, in a marked manner from 
chlorates and bromates by remaining unacted upon by concentrated sulphuric 
acid, unless the action be assisted by deoxidizing agents, such as ferrous salts, 
etc. Instead of acquiring a less stable character by the interposition of the atoms 
of oxygen between the iodine and potassium, potassic iodate,* and still more so 
periodate (obtained by passing chlorine through an alkaline solution of potassic 
iodate), is capable of resisting the action of sulphuric acid far more readily than 
potassic iodide. Periodates are, in fact, not reduced by the ordinary reauoing 
agents by which iodic acid is reduced, except by SH3. 

QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained ? G-ive equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 

* J. Thomson (Deut. Cliem. Ges. Ber., vii, p. 112) deduces from the dif- 
ferences observed in the solubility of chlorates and bromates, compared with 
that of iodates, also the formation, by preference, of acid salts with the alkali 
bases, and the facility with which iodic anhydride can be prepared directly by 
heating the hydrated acid, that iodic acid must be viewed as a dibasic acid, and 
ho assigns to it the formula : — IsO^Hs, or I'"I'04(OH)2, and he derives periodic 
acid, HglOeHa, or H8l04(OH)2, by replacing the triatomic iodine atom by Ha. 
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3. Explain the change which takes place when potassic iodate is acted upon — 

Ist, by reducing agents, e,g.y SO2, SH3, FeOlj ; 2ndl7, by concentrated 
sulphuric acid. 

4. A precipitate contains Agl and \ nXao' ^^^ ^o^ 7<>^ would separate the 

two salts from each other. 

5. Explain the action of HI upon a mixture of £1 and \ 0x0* 



HYDROFLUORIC ACID^ HF. — Occurs in nature in com- 
bination chiefly with calcium in the mineral called ^wor^par {Derby ^ 
shire spar), CaFa ; also as double fluoride of aluminium and 
sodium in cryolite^ GNaF^AlaFe. It is, moreover, met with in 
certain natural jpJiosphateSf e.g., coprolite, wan^ellUe, and in a few 
silicates, e.g., topaz, mica, hornblende. 

REACTIONS IN THE DRY WAY. 

Heated out of contact with the air, most fluorides remain un« 
changed. Volatile fluorides can be distilled ; but when heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1st. The fluoride gives off hydrofluoric acid gas which corrodes glass. 
— By heating a fluoride coutaining water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

CaFa + 2SO2H0K0 = SO^Cao" + SOaKog + 2HF. 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiF4, thus : — 

4HF + SiOa = SiF* + 2OH3. 

2nd. The fluoride is decomposed by hydric potassip sulphate i/n, the 
presence of a borate, with formation of volatile boric fluoride, BF3. — 
By heating a mixture* of powdered hydric potassic sulphate and 
fused borax with the finely powdered fluoride, on the loop of a 
platinum wire, in a clear flame of a Bunsen gas lamp, boric fluoride 
is disengaged, imparting a beautiful yellounsh- green colour to the 
flame, which is highly characteristic, although very evaliescent. 

REACTIONS IN THE WET WAY. 

We employ A solution op sodic fluoride, NaF. 



* 10 mol. of SOaHoKo ( = 10 x 136). 
3 mol. of CaFa ( » 3 x 78). 

1 mol. of B406Naoa 202. 



K % 
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Most metallic finoridee are solid ; otliera, ^^in, aooh as tlie 
fluorides of the metalB whose higher oxides posneas acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaeeouB at 
the ordinary temperatare. 

Fluoiides are either goluble in water and more or less rayHtalline, 
such as KP, NaF, AmF, AgF, SnP,, Fe,F„ HgP^ Al,F^ or 
insoluble or very sparingly soluble in water, and amorphous when 
obtained by precipitation, e.g.. Cap,, BaP,, PbPj, ZnP,, CuF,. 

The reactions which a solable fluoride gives by double decom- 
posifioti. with solations of salts, whose metals form insoluble 
fluorides, are not very characteristic. 

BaCI] produces a bulky while precipitate of karle lln*ri«le, BaF], 
soluble in hydrochloric acid and in much ammonic chloride. 

CaCJ: (or CaHo,) gives a gelatinous translucent precipitate of 
calcic flnorlde, CaF,, which becomes visible by the addition of 
ammonic hydrate. CaFi is slightly solable in cold hydrochloric or 
nitric acid, dli&cultly solnble in boiling hydrochloric acid, leas 
soluble in acetic acid, insoluble in iree hydrofluoric acid, solnble to 
some extent in ammonic chloride. 

NOjAgo prodttcea no precipitate. (Distihction bbtweeh HP 
AUD HCl.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaseous S1F» or BFj. 

All fluorides (aoluble or insoluble) are decomposed on heating 
with concentrated aulphnric acid, with disengagement of HF, a 
metallic sulphate being left, thus : — 

CaF, + SOiHo, = 2HF + BOjCao". 
The experiment is best performed bj treating the fluoride with lulpburio add 
in a small leaden cup heatml over a water-bath (Fic- 17)> '■"] ooimected vith a 
leaden still and U-tube, surrounded with ice, 
for the condensation of the acid. 

Hydrofluoric acid gas is highly 
corrosive, and should not be inhaled. 
If it comes in contact with ailica (e.ijf., 
in glass), SiP, is formed. The glass 
becomes corroded or etched. 



yi". n. a little Snd; powdered fluoride and concen- 

trated sulphuric acid, with a piece of glass, 
e.g., a watoh-glasa. The vapour of the evolved hjdrofluorio acid corrodes the 
glaBS. The aotioa ot the hydrofluoric acid becomea apparent when the glass ui 
covered with a thin lajer of melted wax, and some design soratched on the waied 
side with a pointed instrument. The gaa acts upon the unprotected portion of 
the elasa. To prevent the melting of the wax, a little cold water is kept on the 
Wat^-glasB. The design will be found etched more or less deeply into the glass, 
after the removal of the wax. Mere traces of a fluoride are thus detected, and as 
no other substance attach glass similarly, the reaction is perfectly oharBCteristio 
for hydrofluoric acid. 

If the fluoride contain mp.ch silica, sulphuric acid dieengageB 
silicic fluoride instead of hydrofluoric acid, which does not attack 
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glass ; but when passed into water — ^best by letting the delivery- 
tnbe dip into a little mercury-^it is decomposed into hydrofluo- 
silicic acid and into SiHoi) thus : — 

3SiF4 + 4OH3 = SiHo4 + 2(2HF,SiF0. 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica, some finely powdered 
quartz or glass is first mixed with the fluoride, bufore treating with 
sulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone ware bottle, 
prOTided with a wide delivery-tube, which dips under mercury contained in a 
smaU porcelain cup at the bottom of a beaker or glass cylinder. Care should be 
taken that the inside of the delivery-tube remains perfectly dry, when the re- 
ceiving vessel is filled with water. A mixture of one part by weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced into the glass 
or stone ware vessel. Seven to eight parts by weight of oil of vitriol are added, 
and the whole shaken up together and gently heated upon a sand- (or water-) 
bath. Each bubble of the evolved SiF4, on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass vessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hydrofluosiiicic acid, which may be returned to the 
glass cylinder, and a fresh quantity of SiF4 passed through, till the acid solution 
has become sufficiently concentrated. 

Silicates containing fluorides which are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fiuorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkaline carbonates, and then digesting with 
ammonic hydrate, SiHo4 is precipitated, which can be filtered oif, leaving the 
alkaline fluoride. On adding OaHo2 or OaCl2, and digesting at a gentle heat, a 
gelatinous precipitate of CaFj is obtained, which is filtered off, dried, and 
examined. If phosphoric acid be present, the precipitate contains F2020ao''8« 
as well as OaF2, which does not, however, inteif ere with the disengagement of 
hydrofluoric acid gas. 

Insohihle fluorides, e.^.y CaF2, are not completely decomposed by fusion with 
alkaline carbonates, unless Si02 be present. 

QUESTIONS AND EXEECISES. 

1. Which are the most important natural compounds of fluorine ? 

2. What changes do solid fluorides undergo when heated by themselves j 2ndly, 

when mixed with micronosmic salt or hydric potassio sulphate ? 

8. How is BF3 formed, and why does it furnish us with d characteristic reac- 
tion for fluorine or vice versd for boron ? 

4. Classify fluorides according to their solubility in water. 

6. Describe some characteristic reactions for fluorine in the wet way. 

6. How would you distinguish gaseous HCl from HF ? 

7. How is hydrofluoric acid gas prepared ? Explain its action upon glass. 

8. How would you test for small quantities of a fluoride ? 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much Si02. 

10. How is fluorine detected in silicates decomposable by SO2H02, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphate,- and traces of a 
fluoride ? 

12. How would you prepare KF, AmF, and liquid HF ? 
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HTDROFIiVOSIIilCIC ACID, 2HF,SiF4.— Obtained by passing silicic 
fluoride into water and separating tbe precipitated silica by filtration. 
. It forms salts, called silicofluorides, or fluosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fe or Zn (these latter with evolution 
of hydrogen), of which the potassio and baric silicofluorides are the most 
interesting. 

BBACTIONS IN THE DEY WAY. 

Silicofluorides are decomposed by heat into fluorides, with disengagement of 
silicic fluoride. 

EBAOTIONS IN THE WET WAY. 

A COKCENTBATED SOLUTION OF THE ACID may be employed. 

On evaporating a solution of hydrofluosilicio acid in a platinum vessel, it 
volatilizes, and is decomposed into SiF4 and 2HF. The acid ought not, there- 
fore, to be heated in a gli&ss vessel. 

A few ailicojluorides, e.g,^ 2KF,SiF4, 2NaF,SiF4, BaF3,SiF4, are difficultly 
soluble in water, and are rendered quite insoluble by the addition of alcohol. 
Most other metallic silicofluorides are readily soluble in water. 

BaClj precipitates translucent crystalline baric sillcofluortde, BaF2,SiF4, 
which fiEklls out very readily. The precipitation is complete on the addition of 
an equal volume of alcohol. Strontixun is not precipitated &om concentrated 
solutions, (Distinction between babixoc and btbontiuii.) 

KGl gives a translucent gelatinous precipitate of tflpotassic §lllcofluoride9 
2KF,SiF4. 

AmHo separates SiHo4 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric acid in a 
platinum crucible, covered with a watch-glass, the glass becomes corroded or 
etched, 

QUESTIONS AND EXEECISES. 

1. How is 2HF,SiF4 prepared ? 

2. State how 2HF,SiF4 acts upon KHo, OHg, Fe, CuO. 

8. What decomposition takes place when silicofluorides are heated — Ist, by 
themselves ; 2ndly, with concentrated SO3H02 ? 

4. How is BaFj, SiF4 obtained ? 

5. What proportions by weight of OaF2, SiOj, and SOsHos, are required for 

the preparation of 2HF,SiF4p 



PHOSPHORIC ACID; POHoe.— This acid is never met with 
in the free state in nature, bnt invariably in combination with 
bases, snch as CaO, MgO, AlaOs, FeO, FeaOs, PbO, as hone- 
ash,^ somhrerite, coprolite, a/patite^ wagnerite^ wavelUte, vivianite, 
pyromorphite, etc, 

EBACTIONS IN THE DRY WAT. 

Normal phosphates of fixed bases are not decomposed upon 
Ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao2 = PgOsNao* + OH3. 

Sodic 
pyrophosphate. 

(2) POHoaNao = POaNao + OH2. 

Sodic 
metaphosphate. 
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Fttsion with canstio or carbonated alkalies converts pjro- and 
metaphosphates into normal or orthophosphates. Boiling with con- 
centrated acids (NO2H0) affects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates ; most others, e.g., magnesic, ferric, 
zincic, nickelons, manganons, cupric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
P202Al2O^ can only be decomposed by fusion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 46.) 

REACTIONS IN THE WET WAT. 

We employ a solution of hydric disodic phosphate, POHoNao2* 
All phosphates may be divided into — 

1st. Phosphates which are soluble in water, comprising the 

alkaline phosphates only ; their solutions react alkaline ; 

and 
2nd. Phosphates which are insoluble in water, but soluble in 

mineral acids (some also in acetic acid), comprising all 

other metallic phosphates. 

The- following are some of the more important reactions by 
double decomposition : — 

BaGU yields a white precipitate of liydric baric phosphate, 
POHoBao", difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCl2, or S02Cao" produces a white precipitate of hydric calcic 
(or tricalcic) phosphate, POHoCao", readily soluble in mineral acids,t 
soluble in acetic acid, after being freshly precipitated, difficultly 
soluble in ammonic chloride. 

S02Mgo" (or better still MgCl2) in the presence of Am CI and 
AmHo produces a white crystallvne, quickly subsiding precipit»ate of 
ammonic mafrneslc phosphate, POAmoMgo^' + 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, even acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated after 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
vessel which have been touched by the glass rod. Arsenic acid 
gives an analogous pi*ecipitate. 

This is the most important reaction for POH03; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. 

N02Ago gives a light yellow precipitate of trlar^entlc phosphate, 
POAgOs, soluble in ammonic hydrate and in nitric acid. 

* One part of Si02, together with six parts of f asion mixture. 

t PaOaCao^a + 4NO2H0 = P203Ho4Cao" + 2 ]|jQ^Cao". 

Soluble tetrahydric 
calcic diphosphate, reprecipitated by AmHo. 
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I < co^ laPbo", plumbic acetate, produces a white precipitate of 

plumbic phosphate, P202Pbo"3, readily soluble in nitric acid, almost 
insoluble in acetic a<5id, as well as amnionic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystallme on cooling ; no reduction to the metallic state takes place. 

FejCla gives a yellowish-white gelatinous precipitate of ferric 
phosphate, Pa02Fe20^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatent solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be removed from a phosphate dissolved in 
hydrochloric acid, «.^., from the alkaline earthy phosphate, PaOsCao'^s, the free 
acid is nearly neutralized with ammonic hydrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated to boiling, a reddish-brown precipitate is obtained, which contains 
the whole of the phosphoric acid, together with some basic ferric acetate. It must 
be filtered hot, and washed with hot water ; the filtrate contains the alkaline 
earthy bases as chlorides. — (Comp. also p. 36 and 37.) 

Small quantities of phosphoric ctcidj in the presence of large amounts of a 
ferric salt, such as we meet with in solutions of iron ores, of pig iron, steel, 
etc., are best removed by first reducing the ferric to ferrous salt by boiling 
with SOHoAmo, neutralizing with CONao2, and lastly with sodic acetate and 
precipitation with a few drops of ferric chloride (or by reoxidizing a small portion 
of the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually precipitated in this 
manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc. 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric acid, AmCl and Am Ho, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoA.mo and precipitation by a current of SHj gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 
iron ores, in pig iron, steel, sheet copper, etc., may also be precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 
whereby the phosphorus is converted into POH03, and after driving 
ofE the excess of acids by evaporation and taking up of the residue 
with concentrated nitric acid, by adding a solution of ammonic 
molybdate and concentrated nitric acid ; the silicic acid is separated 
by the evaporation to dryness, and arsenic acid, if present, should be 
first removed by sulphuretted hydrogen. On digesting the solution 
at a gentle heat (60° C.) for some time (hours if necessary), and 
stirring with a glass rod, a bright yellow precipitate of ammonle 
phospho-molybilate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
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phone acid* (abont 3 per cent.). By washing the yellow precipitate 
with a solation of amnionic molybdate, and lastly with a solution of 
amnionic nitrate, and then dissolving it in ammonic hydrate, filter- 
ing, and adding S02Mgo", AmOl, and AmHo, the phosphoric acid in 
obtained as POAmoMgo". 

White of egg (albumen) is not coagulated by tribasio phosphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic acid. 



PTROPH0SPIIORIC ACID, P3O3H04.— Pyrophosphates are obtained 
by heating monohjdric phosphates. They are of little importance, however, since 
they are not usually met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkalies, into tribasic phosphates. 

BEACTIONS IN THB WBT WAT. 

We employ A soltjtion op sodic pteophosphate, P208Nao4. 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in water, hut soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding NO^Ago, 
which gives a white precipitate of argentic pyrophospbate, "B^O^kjgo^, 
soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic solution of a 
pyrophosphate. 

M02Amo2 (ammonic molylidate) does not give a precipitate, until by the 
action of mineral acids the pyrophosphate has been converted into tribasic phos- 
phate. 



IHETAPHOSFHORIC ACID, PO2H0, is distinguished from the tetra- 
and tribasic acid as follows : — 

Albumen gives an abundant white precipitate with the free acid, and with 
soluble metaphosphates, on the addition of acetic acid. 

SOsMgo' , AmCl and AmHo fail to precipitate soluble metaphosphates. 

N02Ago produces a white precipitate of argentic mctaphospftiate. 

In the ordinary course of analysis both pyro- and metaphosphates are con- 
verted into tribasic phosphates, and their tetrabasio and monobasic nature is 
lost sight of. They can, therefore, only be detected by special experiments. 



PHOSPHOROUS ACID, PH03 (tribasic). — Phosphorous anhydride is 
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi- 
nary temperature. By combining with water it forms a very weak acid, and 
with hydrated alkaUes alkaline phosphites. 

BBAOTIONS IN THE DBT WAT. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

BEAOTIONB IN THE WET WAY. 

A SOLUTION OP soDio PHOSPHITE, PHoNao2, may be employed. 
Alkaline phosphites are soluble in water. 

All other phosphites are, for the most part, difficuUly soluble or insoluble in 
water, but soluble ii^ acetic acid (plumbic phosphite excepted). Phosphites (as 

• MoaOs, 90-7 P.O. ; P^Oj, 31 P.O. ; OAmj, 3*6 P.O., and OH2, 26 P.O. 
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well as hypophosphites) are of interest mainly on account of the powerful 
reducing action which they exert upon salts of various metallic oxides, capable of 
forming lower oxides, or of being reduced to the metallic state, as well as upon 
the lower oxides, etc., of metalloids, e,g.^ SO3. 

NOgAgo is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle heat. 

He<^ and N304Hg3o'', are reduced to' Her^Cls and metallic mercury. 

SO2 forms a phosphate with Uberation of sulphur and evolution of SH2. 

Nascent hydrogen yields a mixture of Hj and PH3 which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgs and metallic silver. 

The difficultly soluble phosphites of Ba, Ca, Pb, etc., are obtained by double 
decomposition, the latter salt being insoluble in acetic acid. 



HYPOPHOSPHOROUS ACID, POH2H0 (monobasic).— Obtained by 
the action of alkalies or hydrates of the alkaline earthy bases upon phosphorus 
and water. 

P4 + 8OH2 + SKHo = PPOHjKo + PHa. 

BBACTIONS IN THE DBT WAT. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
PHa. 

4POH2K0 = PjOsKoi + 2PH3 + OHj. 

BBACTIONS IN THE WET WAT, 

A SOLUTION OP POTASSio HTPOPHOSPHiTE may be employed. 
AU hypophosphites are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 
SOjHo2 is reduced to SOH03, partly even to sulphur. 
SO2CU0'' is reduced to metalhc copper (cupric hydride). 
HgOla is reduced to Hg'3Cl2, and then to mercury. 
AuCls A^^ NO^go yield the pure metals. 
Zn + SO2H0S (nascent hydrogen) yield Hj and PHj. 

In the ordinary coarse of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and thoy 
must therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain the action of heat upon POHosNao, POAmoMgo", and 

POHoAmoNao. 
8. How are meta- and pyrophosphates converted into tribasio phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon PaOaEe20^, 

PaOaCao'^sj P202Cuo"3, POHoBao", in the wet and dry way. 

5. How can PgOaAlaO^* be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility in water. 

7. Explain the solvent action of HCl or NO2H0 upon the alkaline earthy 

phosphates. 

8. How is phosphoric add removed from alkaline earthy phosphates ? 

9. State how you would detect phosphoric acid in a soil or iron ore; or 

phosphorus in metallic copper or cast iron. 

10. What is the approximate composition of ammonic phospho-molybdate ? 

11. Wliich reactions enable us to distinguish between tribasic, tetrabasic, and 

monobasic phosphates P 
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12. How would you prove the presence of magnesic, as well as of potassic phos- 

phates in wheat flour, pale ale, and in cheese ? 

13. How would you prepare POH2H0 and (POH2)2Cao" ? 

14. How are calcic phosphite and potassic hypophosphite acted upon by heat ? 

15. What are the products of oxidation, obtained on burning PH3 in air ? 

16. Explain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate ? 

18. How would you prepare gaseous PH3 ? What is its action . upon solutions 

of cupric sulphate and argentic nitrate ? 

19. Give symbolic and graphic formulfle for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POH2H0 undergoes when 

it is acted upon by SO2H02, by SO2CU0", or by AUCI3. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

P202Ho4Cao" — a constituent of calcic superphosphate) ? 

22. 5*4 grms. of cast iron yielded '046 of P203Mgo"2 J what is the percentage of 

phosphoruB in the iron P 



SILICIC ACID^ SiHo^. — Silicic anhydride or silica, SiOg, 
occurs in nature both in a crystalline and amorjphoTis condition, 
either in the free or combined state. Quartz and rock crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, ai*e principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, 0!N'a2, 
CaO, MgO, A1203, PeO, MnO, are exceedingly numerous, and vary 
to a very great extent in their constitution and properties. 

BEAOTIONS IN THE DRY WAT. 

Both varieties of silica are characterised by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pure silica fuses with sodic carbonate to a clear 
glass, which remains transparent on cooling. If a silicate be heated 
in like manner with microcosmic salt, its base or bases are dis- 
solved, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the SiOa can be distinguished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic carbonate, the Si02 displaces the CO2, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates differ from each other 
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merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAT. 

All silicates may be divided into— 

1. Sili-cates, which are soluble in water, including only potassic 
and sodio silicate ; and 

2. Silicates, insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, vnsoluhle in these a>cids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNa04, with 
dilute hydrochloric acid, it is decomposed into N'aCl and SiHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and can 
be broken up, by means of a glass rod, into lumps, which speedily 
lose their water, leaving anhydrous silica, especially on being ignited 
on a sand-bath, as long as acid fumes are evolved. The dried mass 
is treated with a httle concentrated hydrochloric acid and hot water, 
when NaCl is dissolved out (together with small quantities of Al 
and Fe — impurities in the sodic silicate). The impalpable powder 
of amorphous silica is thrown on a filter and washed with hot water, 
dried and ignited. 

AmCl or COAmo2 precipitates SiHo^ from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish-white silicates, soluble in dilute hydro- 
chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration from 
the silicic anhydride. SIO2, like PgOj, is detected whilst testing for 
bases. 

Most natural and artificial silicates are insoluble in water. Many, 
e,g,, zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous siHca 
separates. 

Silicates, such as kaolin, which are not dissolved by hydrochloric 
acid, can frequently be decomposed, either partly or wholly, by hot 
concentrated sulphuric add; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 
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SUiea^ or silicates insoluble in aoids, are readily attacked by' 
gaseous hydrofluoric add^ or bj fluorspar and SOsHoa, gaseous SiF4 
being given off. This method is invariably resorted to whenever 
alkalies are present in a silicate, as e.g., in felspar, SisOsKojAlzO^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, put into a platinum cmcible or small platinnm capsale, 
and exposed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum crucible is to 
this end placed in a small leaden basin, which can be closed with 
a lid of the same metal. A layer of fluorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinum crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, is placed for 
a day or two in a warm place. The crucible is then taken out, and , 
its contents cautiously evaporated by applying a gentle heat, as 
shown in Fig. 18, from the upper part of 

the crucible downward, till the whole of ^ 

the ammonic fluoride has been driven off*. 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered ofi^ and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro- 
fluoric add, and evaporating cautiously 
in a closet which stands in connection 
with the chimney, and which has a good 
in-draught of air. The residue is dis- 
solved in hydrochloric acid. Any inso- 
luble residue which may be left is sepa- 
rated by filtration and treated again 

with hydrofluoric acid. This treatment has generally to be repeated 
several times, before the whole of the bases are obtained in a soluble 
condition. 

Treatment with CaFj and concentrated SO2H03 is objectionable, on aocount 
of the formation of insoluble SOHosCao''. 

All silicates insoluble in water and adds, no matter whether they 
contain alkali metals or not, may be decomposed by fusion with aZkar- 
line carbonates (fusion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of fusion mixture and heated in a platinum 
crucible as long as any CO2 is given ofl: This may be done over a 
good Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, A^Os, 




Fio. 18. 
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PCaOa, etc., etc.) are left as insoluble oxides or carbonates, and 
may be separated by filtration ; or the whole mass is at once treated 
with dilute hydrochloric acid and evaporated to dryness. Silicic 
anhydride is left, and the bases are removed as chlorides by filtra- 
tion. It is obvious that we must examine for the alkali bases in a 
separate portion, by treatment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SiOj is separated from TiOg (titanic anhydride) by fusion with SO2H0E0 
in a platinum crucible, and subsequent treatment with water ; the SiOj remains 
undissolved. The Ti02 is precipitated from the acidulated aqueous solution by 
long-continued boiling. 

QUESTIONS AND EXERCISES. 

1. G-ive instances of crystalline and amorphous silica. 

2. Describe the reactions for SiOj in the dry way. 

3. Classify silicates according to their solubilify in water and acids. 

4. Explain the action of HF, or of OaF2 and concentrated SO2H03, upon 

silicates. 

5. Describe how amorphous silica is obtained from SiNao4, from quartz, or from 

felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate, 

soluble in HCl, and in a silicate, insoluble in HCl, e.ff., in Bohemian 
glass ? 

7. What is the action of caustic and carbonated alkalies upon amorphous 

silica ? 

8. How is Ti02 separated from Si02 ? 

9. How is silicon detected in pig-iron ? 



BORIC ACID^ BH03 (Orthoboric acid). — Is found in nature, 
both combined and in the free state. 

REACTIONS IN THE DRY WAT. 

Most borates swell up when heated by themselves, and fuse into a 
transparent glass which dissolves metallic oxides, producing various 
colours. The free acid forms scaly crystals, possessing a pearly 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless, 
transparent, glassy-looking mass, — boric anhydride, B2O3, which can 
be kept in a liquid condition without loss from volatilisation. 

A mixture of SOgHoKo and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaF2.* (Comp. page 131). 
The mixture is made into a stifE paste with a few drops of water, 

* Three to four parts of the flux (consisting of ono part of powdered CaF, 
and four and a half to five parts of SO3H0K0). 
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and cautiously introduced, on the loop of a platinum wire, into the 
inner blowpipa flame, when the outer flame acquires momentarily a 
yellowish-green tint, owing to the volatilisation of boric fluoride, BF3. 
Phosphates as well as copper salts, when moistened with sulphuric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

EEACTIONS m THE WET WAT. 

We employ A solution of borax, BiOsNaO). 

The alkaline borates are soluble in water, all others are difficultly 
soluble, but none are absolutely insoluble. All borates dissoVoo in a^ids 
and amfhmonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellowish 
white, and are readily soluble in acids and ammonic chloride. 

The/ree acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame define gre&n colour. An alcoholic solu- 
tion placed in a porcelain dish bums, when ignited, with the same 
charactenstic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid ; but the green 
becomes again perceptible on the addition of a little concentrated 
sulphuric add* 

A green flame (of a somewhat greenish-blue tint, howerer) is obtained also 
by heating many metallic chlorides with alcohol and concentrated sulpharic acid 

f CH 
(owing to the formation of ethylic chloride, < GKcd> ^^ ^1 passing hydro- 
chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires first to be 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

AxL aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilisation. 

An alcohoUc solution of boric acid colours turmeric 'paper reddish 
brown, especially on drying the strips of paper in a warm place (a 
water- oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 
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Hydrofluoric acid (or SO2H03 and CaFj), decomposes all borates, with for- 
maticn of volatile boric fluoride, thus : — 

B408Nao2 + eCaFs + 7S02Ho3 = 6SOHo2Cao'* + SOaNaoa + 4BF3 + 0H3. 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid — 
hydrqfluohoric add — the constitution of which is not well understood, thus : — 

4BF3 + 8OH2 = 3(BF3,HF) + BH03. 

Hydrofluoboric 
acid. 

This acid combines with bases, forming horofluorides or fluohorates, thus : — 

BF3,HF + KHo = BF3,KF + OH3. 

QUESTIONS AND EXERCISES. 

1. How is metaboric acid obtained P 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borates according to their solubility in water. 

4. Explain the colour test for boric acid. 

5. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare argentic borate, plumbic borate, hydrofluoboric 

acid, and potassic fluoborate. 

8. Explain the action of boric acid upon turmeric paper. 



HYDROCYANIC ACID (Prussic acid), HCy.— This acid* 
eonsifcjts of hydrogen and the componnd radical cyanogen, Cy, mole- 

cule < 'n'"i«j'"* I* forms with metallic oxides salts, called cyanides, 

analogons in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
canstic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a high temperature. The best 
known cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and po^ssic car- 
bonate. 

REACTIONS IN THE DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizing agents, such as 
Mn02, PbO, CuO, Sn02, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassic sulphocyanate, CyKs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 

* The compounds 'which the radicals cyanogen, ferro- and ferrieyanogen, etc., 
are capable of forming will be treated somewhat more fully, since a thorough 
understanding of the various reactions is necessary, in order to successfully 
analyse cyanogen compounds. 
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employed in blowpipe reactions, whenever a metallic oxide (or snl- 
pliide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition npon ignition ; some (e.^., the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen (e.g., the cyanides 
of iron) ; others again (such as AgCy, HgCy2, CuCy2, ZnCyj) 
yield cyanogen gas, metallic silver, mercury, etc., and paracyanogen, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol, Cy^. 

This deportment of solid cyanides furnishes us witb ready means 
of preparing cyanogen gas, either by igniting dry HgCya, or AgCy ; 
or by heating two parts of dry yellow prussiate of potash, or commer- 
cial potassic ferrocyanide, K^FeCye, ^th three parts by weight of dry 
HgCla. 

GyoMogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding COs 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (8*6 atmo- 
spheres). 

REACTIQNS IN THE WET WAT. 

The cyamdes of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cy amides of the heavy metals are insoluble in water, with the 
exception of HgCy2 ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyamdes, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i,e., the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, i,e,, cyanides which contain only one metal : — 

Potassic cyanide, soluble in water . . . . ECy 

NaCy 
BaCya 
ZnCya 
CdCyj 
NlCya 
CoCya 
FeCyj 
'Ou'sCy, 
HgrCya 
AsrCy. 

Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong adds, without decomposition. 
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The action of dilute acids upon double, cyanides shows clearly 
the existence of two distinct classes of double cyanides, viZi- — 

1st. Double cyanides which are readily decomposable, giving off 
hydrocyanic acid, when heated with dilute mineral oaMs. They pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HOy ; or the latter is evolved and the metallic 
cyanide is precipitated ; or both cyanides are decomposed, and the 
whole of the HCy is liberated, e.g. : — 

(1) KAgCya + NO2H0 = AgCy + HCy + NO2K0- 

Precipitated. 

(2) K3Zn"Cy4 + 4HC1 = ZnCl, + 2KC1 + 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
na hydrocyanic acid, when treated with dilute hydrochloric acid, the 
negative element of the add forming a salt with the alkali metal, whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

K4FeCy6 + 4HC1 = H4FeCy6 + 4KCL 

Hydroferrocyanic 
acid. 

KeFeaCyia + 6HC1 = HeFe^Cyi, -h 6KCL 

Hydroferricyanic 
acid. 

KeCojCyw + 6HC1 = HeCo^Cyia + 6KC1. 

Hydrocobalticyanic 
acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a non- decomposable 
cyanogen radical (e.g., ferrocyanogen, FeCye, cobalticyanogen, Co2Cyi2) 
— are not poisonous. 

It is obvious that all these complex cyanogen compounds — ^both 
decomposable and non-decomposable — may likewise be viewed as 
double cyanides. 

The following list* contains some of the more interesting double 
cyanides, i,e., cyanides containing more than one metal ; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : — 

Dipotassic zincic tetracyanide ■KsZn,Cy4. 

„ cadmio „ K2Cd,Cy4. 

„ nickeloufl „ K3Ni,Cy4. 

^ - _ . _ . ii , II _ I ■ 

* Kekul^y Lebrbuch der orgazdscben Chemie, I, p. 314. 
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Fotassic argentic diojanide KAg,Cj3. 

„ aurous ,, KAu^Cj^. 

„ auric tetracyanide K Au'",Cy4. 

Dipota^sic cuprous tetracyanide K^^Cu'^yOj^. 

„ platinoiis „ K2Pt",C74. 

Tetrapotassic diplatinic decacyanide K4/Pt'"aCyio. 

„ ferrous hexacjanide (potassic 

ferrocjanide, yellow prussiate) K4,FeCj8. 

Hexapotassic diferric dodecacyanide (potassic 

ferrioyanide, red prussiate) ^ei^^^Jis* 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) « ^ei^aPjis* 

Hexapotassic dichromic dodecacyauide ...... ^e'^^i^Jis* 

fy dimanganic ,, KeMn2,Ci2. 

If we take, however, into account the different deportment of 
these doable cyanides with dilute acids and with f e rroso-f erric salts, 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — the 
difficultly decomposable double cyanides — ^yield no hydrocyanic acid, 
when treated with dilute acids, and produce (with the exception of 
the ferro- and ferricyanogen compounds), no precipitate of Prussian 
blae with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of elements, ferrocyounjogen, FeCy^, 
ferricyanogen, Fe2Cyi2, cohalticyanogen. Co2Cyi2, etc., which behave 
like cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical) may likewise he viewed as compound 
radicals,* if by this term we denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — is either entirely or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains unaltered, thus : — 

KiFeCye + SOjCuo" = KzCu'TeCye -h SO2K02, or 
K4FeCy6 + 2SO2CU0" = Cu'aFeCye + 2SO2K02. 

On the addition of an alkaline hydrate or carbonate, the whole of 
the heavy metal is removed as hydrate, with formation of potassic 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise preci- 
pitates with solutions of heavy metals, e.g,, 

2KAgCy2 + SOaZno^' = Zn^'AgaCy* + SOaKos ; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 

• Compound bodies, contaimngr the complex radicals ferro-, ferri-, etc.> 
cyanogen are viewed here as molecular compounds, and no constitutional formula 
have been attempted, although it would not be difficult to assign such formule 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently established. 

L 2 
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compoands or only mixtures of iwo insoluble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute Buljphuric acid decomposes ZnCy2 in the above preci- 
pitate, AgCy being left behind ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e.^., K2CdCy4, 
KjHgCyi, KAgCya, with precipitation of a metallic sulphide; in 
others, such as KjMnCyi, KaNiCy*, KaZnOyA, and KgCuCyi, the 
metal is only partially precipitated as sulphide, whilst KiFe^'Cye 
and K2Co"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, fern-, cobalti-, and 
chromi- cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the metal which they contain. 

We employ A solution op potassic cyanide, KCy. 

NOaAgo gives a white curdy precipitate* of argentic cyanide, 
AgCy, insoluble in dilute nitric acid, soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgCl so very closely that special experiments are required to dis- 
tinguish it from the latter, or to detect hydrocyanic acid in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgCy, which has been 
entirely freed from argentic nitrate by washing with hot water, 
AgCy is decomposed into cyanogen, metallic silver, and para- 
cyanogen. AgCl, on the other hand, fuses without decomposition. 
On dissolving the residue in nitric acid and filtering, a precipitate 
of AgCl is obtained, on the addition of hydrochloric acid, or a soluble 
chloride, the silver of which must have been present originally as 
cyanide. (Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassic cyanide with evolution 
of HCy. On decomposing, therefore, a small quantity of KCy by 
dilute sulphuric acid in a small porcelain dish, and inverting 
another small dish, containing a drop or two of yellow ammonic 
sulphide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 
AmHs, thus : — 

SaAmj + HCy = CyAms + AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristic 
hlood-red coloration with PSgCle. 

This constitutes one of the most delicate reactions for free hydro- 
cyanic acid, as well as for soluble or easily decorwposable cyanides, 

S02Cuo'', to which a solution of SOH02 has been added, gives 
with KCy a white precipitate of cnprons cyanide, 'Cu'aCys, soluble 
in potassic cyanide (Ka'Cu'aCyi). 

* HfirCys is not precipitated by argentic nitrate. 
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NjOiHgao" gives a grey precipitate of metallic mercmy, wliilst 
HgCys remains in solntion, thas : — 

'Hg'^Cya = Hg + HgCya. 

Iron scdts are among the most delicate reagents for hydrocyanic 
acid, or for soluble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from Kvavo^, blue, and r^ei/vrieo, I generate.) The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air) and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
which are likewise precipitated by potassic hydrate, a fine blue pre- 
cipitate of Prussian blue is obtained. The changes mayise expressed 
by the equations — 

(1) KHo + HCy = KCy + OH,. 

(2) SO^Feo" + 2KCy = Fe"Cy2* + SO2K03. 

VeCji, by combining with 4KCy, forms the soluble double 
cyanide KiFeCye. 

(3) 2S306Fe80^ + 3K4FeCy6 = 3Fe"Cy2,2'Fe'"80y6 + eSOjKo,. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCye, 
Fe2Cyi2, Co2Cyi2, are decomposed by moderately concentrated sul- 
phuric add with evolution of hydrocyanic acid. 

Tills furnishes us with a oonyenient method for preparing hydrocyanic acid. 
Ten parts bj weight of K4EeCy^ (yellow prussiate of potash) are distilled in a 
flask or retort with 86 to 40 parts of dilute sulphuric acid (one of acid to six of 
water). The flask or retort is connected with a Liebig's condenser and double- 
necked receiver from which any uncondensed gas can be carried under a Bunsen 
lamp, and burnt. Everj joint should be made petfectly tight, and the con- 
denser-tube should dip into the water placed in the receiver. The reaction takes 
place according to the equation : — 

2K4FeCye + SSOaHoa = 6HCy + KsFe'TeCyj + SSOaKo,. 

White residue 

turning blue by exposure 

to the atmosphere. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 

* FeOys is difficultly obtained in an isolated condition, as it forms in the 
presence of KCy, potassic ferrocyanide, K4FeCy6, containing the compound 
cyanogen radical FeCyey which in its turn reacts upon the ferric salt. 
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with HCy, as for instance, on pouring it from one vessel to another, 
or with cyanogen compounds generally, and for the purposes of 
analysis small quantities only should be operated upon at a time. 

HYDROFERROOYANIO AOID, H4FeCy«.-This acid is 
tetrahcmCj i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the. salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KHo or OOK02 and separating the ferric hydrate by 
filtration, thus : — 

3Fe"Cya,2'Fe'"2Cy6 + 12KHo = SKiFeCye + 2Pe2Ho6. 

Potassic ferrocyanide, K^FeCye + 3Aq, crystallises in large 
lemon-yellow crystals ; hence its name yellow prussiate of potash, 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 

K4FeCys 
Na4FeCy8 

Am4FeCye 
Ba^jFeCyg 
KaBa^FeCye 
Ca^aFeC^fl 

EEACTIONS IN THE DRY WAT. 

K4FeCy6 fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus :— 

K4FeCy6 = 4KCy + CgFe + N^. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassic cyanate, CyKo. 

REACTIONS IN THE WET WAY. 

We employ A solution of potassic ferrocyanide. 

The alkaline ferrocyanides are readily soluble in water, the alkaline 
ea/rthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are insoluble in water, and many of them also insoluble in 
adds. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper; others 
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are white, e.g,, those of* the alkaline earthy metals, of Zn, Pb, Ag, 
Hg; greenish white, e.g,^ ]S'i"2FeCy6, Co"2FeCy8; reddish white, e.g,f 
Mn^jFeCye. Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

NOjjAgo produces a white precipitate of argentic ferrocyanide, 
Ag4FeCy6, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO2CU0", added in excess, gives with a solution of EI^FeCyc a red 
(chocolate-coloured) precipitate of dicnprlc ferrocyanicie, Cu"2FeCy6, 
whilst an insufficient amount of the cupric salt gives a brown pre- 
cipitate of dipotassic cupric ferrocyanide, K2Cu''FeCy6. 

S02Feo'' gives a light blue precipitate of dlpotassic ferrous ferro- 
cyanide, K2Fe"FeCy6, thus : — 

K^'FeCje + SOgFeo" = KaFe'^FeCye + SO2K02, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water : a part of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe"K2FeCy6 + CI2 = Fe''2K2Fe20yi2 + 2KC1, 

Light blue Diferrous dipotassic 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyam,ide is, in fact, readily converted into j>otassic 
ferricyanide, K6Fe2Cyi2 (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

TSiCU gives an intensely blue precipitate of 3Fe"Cy2, 2'Fe'"8Cye, 
called Prussian blue, thus : — 

SK^FeCye + Te^Ol, = 3Fe"Cy2,2'Fe"'2Cy6 + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen, (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral adds, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
alkalies. On boiling with mercuric oxide, Prussian blue is entirely 
decomposed into HgOy2 and ferrous and ferric oxides, thus : — 

3Fe"Cy2,2'Fe"'2Cy6 + 9HgO = 9HgCy2 + 3PeO + 2Fe208. 

By adding an insufficient amount of FeaClg to a solution of TL^qCj^, a blue 
precipitate is likewise obtained which is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
'. composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt) with 
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evolution of carbonic oxide (method fob pbbparinq carbonic oxide) ; 
tHe nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic sulphate, thus : — 

K^FeCye + 6SO3H08 + eOBTa = 6C0 + 2SO2K02 + SO^Feo" 

+ SSOaAmOa. 

"When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates, in the cold, as a white 
crystalline powder, which turns rapidly blue. If ether be added to 
the solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROFERRICYANIC ACID, HeFe^Cyi,.— This acid is 
hexahasiCf since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic f erricyanide is derived from KiFeCye by a process of oxida- 
tion, as, for instance, by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue precipi- 
tate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K:4FeCy6 -f CI2 = KeFe^Gjn + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
firom two parts of B^^FeCye. Two atoms of cyanogen are transferred 
to two molecules of FeOy2, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash^ on account of the dark 
red coloured crystals, which can be separated from potassic chloride 
by crystallisation. 

Reducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 

6KCy/Fe"'aCye + Ka = 8KCy,2Fe"Cy2, or 2(4KCy,FeCy2) 

= 2K4FeCy6. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — 

8H2 converts the ferri- into a ferrocyanide, with separation of sulphur, 
£1 „ „ „ with precipitation of iodine, 

Or^Os, or its salts, in the presence of KHo, is converted into OrOs, 
PbO „ „ „ „ PbO„ 

MnO „ „ „ „ MnO„ 

SnO „ „ „ „ SnOa, 

r OOHo OQ 



» »» 



KCy „ „ „ CyKo, 

Ps^a M » »» PjOs, 

»0, „ „ „ SO,. 
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NB^ gives with K6Fe3C7i3 potassic and ammonic ferrocjanides 
with evolution of nitrogen gas, thus : — 

eKeFe^Cjia -h I6NH3 = QK^FeCye + SAm^PeCj^ + N4. 

Many organic substances, e.g,, sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to CO2 
and OH3. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of KeFcgOyia, in the presence of alkalies, 

into POH03, SO3H03, I Q^^ . 

Analogous to potassic ferrocyanide, ferricyanogen forms dovhle 
ferricyanides, by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides :— 

KjFeaCyij Ba"3KiFe2Cyi2 + 3Aq. 

Na8Fe2Cvi2 + Aq. Fe^jFejCyia (Tumbull's blue). 

Ca"aFesCyia + 6Aq. 

BEACTIONS IN THE DRY WAY. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS IN THE WET WAY. 

We employ A solution of potassic ferricyanide. 

The alkaline ferricyanides are readily soluble in water. The others 
a/re mostly insoluble. 

NOaAgo produces an oraiige coloured precipitate of aiventle ferii- 
eyanide, Ag6Fe2Cyi2, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate, and potassic cyanide. 

S02Feo" gives a blue precipitate (TurnbulVs blue) of Fe"sFe2Cyi2, 
trtferrous ferricyanide, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferroso- ferric hydrate : — 

Fe^sFegCyw + 8KH0 = 2K4FeCy6 + Pe304,4OH2. 

FOjCIe produces no precipitate, but gives a brownish coloration. 
The deportment of potassic ferro - and ferri-cyanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



HTDROGOBALTICTANIC ACID, He'Co'^sOyij.— Solutions . of oobal- 
tons salts are precipitated by KOy. The precipitate consists of flesh-coloured or 
cinnamon-brown cobaltous cyanide, OoOys. Excess of potassic cyanide dissolves 
the precipitate, forming a readily decomposable double cyanide, which, on 
boiling, or on the addition of HCl, is converted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus :— 

2(4KCy,CoCy2) + 2OH2 « KeCoaOyu -h 2KHo + Hj. 

Potassic oobalti- 
cyanide. 
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This double cjauide is of great iaterest, because it enables us io separate 
cobalt from, nickel^ both qualitatively and guantitatively. 



CTANIC ACID, OjKo. — Obtained in tbe form of potassic cyanate by the 
oxidation of KCj or K^l^eCy^. This salt is yerf stable when heated by itself, 
but deliquesces in the air, and is broken up by water into an acid carbonate and 
ammonia, thus :— 

CyKo + 20H:2 = OOHoZo + NHg. 

Potassic cyanate is invariably found in commercial potctssic cyanide^ sometimes 
to a considerable extent. 

EEACTIONS IN THE DRY WAT. 

It acts as a flux in blowpipe reactions, and is a powerful oxidizing agent. 
When heated with charcoal, it is conyerted into KCy, CO, and COj. On heating, 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

REACTIONS IN THE WET WAT. 

The cyanates of the alkalies, alkaline earths, and a few metallic oxides are 
soluble in water, but decompose rapidly with evolution of ammonia. NO jAgo pro- 
duces with potassic cyanate a white precipitate of argrentic cyanate, CyAgo, 
soluble inammonio hydrate, and in dilute nitric acid ; AgCy is insoluble io. nitric 
acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes CyKo 
with efferyescence, owing to the Uberation of CyHo, which affects the eyes most 
painfully, and is recognized by its pungent odour, resembling that of strong 
acetic acid ; the greater portion of the liberated acid is, howeyer, decomposed at 
once by watdr into 00^, and an ammonic salt, thus : — 

2CyKo + 2SO2H02 + 20H:2 = 2CO2 + SO2K02 + S02Amo2, 

and it is by testing for ammonia, by means of caustic lime, that its presence can 
be shown. 



SULPHOCTANIG ACID, CyHs.—Obtained in combination with potas- 
sium by heating KCy with sulphur or a metallic sulphide. Hence the usefulness 
of potassic cyanide for reducing metallic sulphides in blowpipe reactions. 

REACTIONS IN THE DRT WAY. 

CyKs can be fused out of contact with the air, without undergoing decom- 
position. It turns first brown, then 'green, and lastly indigo blue, but becomes 
again colourless on cooling. In contact with the air, CyKs is conyerted into 
cyanate and sulphate, with disengagement of SO-. The sulphocyanates of the 
heayy metals are decomposed ui)on ignition, CS2 being given off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is evolyed, whilst a 
metallic sulphide is left : — 

4^yCus" = Na + 3 1 ^^ + 2CS2 + 4CtiS. 

REACTIONS IN THE WET WAT. 

We employ a soltttion op ammonic sitlphootanate, OyAms. 

N02Ago produces a white curdy precipitate of argentic sulphoeyanate, 
CyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
from which it crystallises out on eyaporation. It is also soluble in CyAms or 
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CjXsy forming a doable Bulpbooyanate (CjAgs, CjKs), from which water or 
hydrochloric acid precipitates granular — ammonic hydrate, crystalline CyAgs. 
SOsCuo" gives a blctck crystalline precipitate of caprle salptaocyanatey 

Q^Cus'^ which on standing in the liquid is converted into cuprous sulpho- 

cyanate. ^Cuss'' This characteristic cuprous salt is obtained instantly by 

adding SOH03, or a solution of a ferrous salt to the cuprio salt. 

FejClg produces an intensely red solution, owing to the formation of a soluble 
ferric sulphocyanate, CyeFe^s^*. Alkaline sulphocyanates famish us, on this 
account, with a most delicate rectctionfor ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood red colour 
is destroyed by HgrCls. On introducing some metallic zinc into the blood red 
solution, SHs is evolved. 

QUESTIONS AND EXEECISES. 

1. Explain the derivation of the term cyanogen. ^7 • 

2. Why are -J «-«x, FeOye ^^^ ^^2^Ji2 viewed as compoui&r^cals P ^ 

8. How are KCy and K4FeCy6 prepared ? Describe their propei^ies, as mr as 
the analytical data illustrate them. J^ 9 ^ ^W 

4. Explain the action of heat upon KCy and £4FeOye, ls(^^10[^nliU;t with 
air ; 2nd, with free access of air. ^ *tfS 

6. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 
ments ? 

6. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

7. How would you prepare cyanogen gas ? Describe its properties. 

8. Classify cyanides according to their solubility in water. Enumerate some of 

the more important single cyanides. 

9. What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished 
from the difficultly decomposable double cyanides ? 

10. Enumerate, 1st, easily decomposable double cyanides ; 2nd, difficultly decom- 

posable double cyanides. 

11. GKve reasons for the existence of the compound radicals ferro-, ferri- and 

cobalticyanogen in the double cyanides K4FeCyg, Pb"3Fe2Cyi2, 
Cu^aCojCyia. 

12. Explain the action of dilute acids upon single cyanides and upon easily de- 

composable double cyanides. 

13. Explain the difference between a precipitate, produced by a solution of a salt 

of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

14. What is the action of hydrated and carbonated alkalies upon the two classes 

of double cyanides ? 

15. Explain the action of SH2 upon the following cyanides and double 

cyanides: HfirCyj, K2CdCy4, KAgCy2, K2MnCy4, K3CuCy4, K2CoCy4, 
K2NiCy4. 

16. How is AgCy distinguished from AgCl ? 

17. Describe the action of HCy upon S2Am3, and explain how traces of HOy 

can be detected, in the presence of ferro- or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of HfirCl2 over that of 

HfirCy2? 

19. Explain the use of ferroso-ferric salts for the detection of HCy. 

20. How is HCy prepared ? Describe its properties. 

21. Describe shortly how yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. • 

23. How would you examine a ferrocyanide insoluble in acids, e.ff., Prussian 

blue t 
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24. Erplain the action of KHo upon Prussian blue and upon ThtrnbulVs blue. 

25. Explain what reaotionB ferrouB and ferric salts give with ferro- and ferri- 

cjanides. 

26. Explain the formation of soluble Prussian blue. 

27. What is the action of dilute or of concentrated sulphuric acid upon potassic 

ferrocyanide F 

28. State how H4Fep76 is prepared. 

29. Explain the conyersion of potassic ferro- into ferricjanide. 

80. Giye instances of the oxidising action of potassic ferricjanide in alkaline 

sohitions. 

81. Enumerate some of the more important metallic ferricyanides. 

82. How can argentic ferro- and ferricyanides be separated from each other P 
88. Wliat decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonic sulphate and nitrate ? 

84. How is CyHo recognized in the presence of a cyanide ? 

85. What is the action of concentrated SO2H02 upon a cyanate ? 

86. What reaction^ take place when potassic cyanate is heated with charcoal, 

with^pCn<Por with OHj? 

87. ^plain the f&nation of potassic sulphocyanate, and state what change it 

undergo ^len heated in contact with air. 

88. ftxplain the action of nascent hydrogen upon ferric sulphocyanate. 

89. w^ ^ A^ojOBsic sulphocyanate enable us to distinguish between ferrous 

40. Calc Atefthe fircentage composition of cuprous sulphocyanate, ^Cuss''. 



Chapter VIII. 
REACTIONS OF THE ACIDS. 

B. Organic Acids. 

Most organic acids cannot be distinguished qnalitatively as readily 
as inorganic acids. A few of the more generally occnrring acids 
which can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, hydro- 
gen, and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, viz., hydrocyanic acid, HON ; whilst the 
number of atoms in a molecule of most organic acids, as for in- 
stance in stearic acid, CigHseOa, is far greater than in any inorganic 
compound. 

The element with which oxygen, hydrogen, and nitrogen are 
grouped in organic acids is carbon^ which in most cases, probably 
in all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same number, are called comjpound 
organic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e.g. : — 

* Frankland : Lecture Notes, page 199. 
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Q-^n, N=CH-C=N, or 
Oxatyl (the molecnle f r%oTT 



xatyl (ttie molecule J-QQjj 
of which 18 dry<^ cOHo ^=0 
ozauc acid) |_ | 



<!=0. 



6 

A A 

The semi-molecule of each of these compound radicals contains 
one atom of carbon with one bond left fi^e to combine with another 
element, or gronp of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxyl. In the molecules the two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqueous 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonic oxalate, 
thus : — 

\ ON + ^®^» = 1 COAmo- 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

{ gg;;; + 2kho + 20H, = { gg|^ + 2nh,. 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 

r co(NH40) _ r CN'" .^^ 

\ C0(NH40) ■" \ CN'" ^ *"^»- 

Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e,g,f 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric add, and is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
carbonates, with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic add was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more* 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 



158 



FORMIO ACID. 



In the free state organic acids are either volatile, and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic add, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 



COHo* — 0^*ai^®<i i^ ^ great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallised 
oxalic acid and glycerine to 75° C, and distilling with water — 

rCOHo _ fH .CO 

lOOHo - ICOHo + ^^^• 



Formic acid distils at 100® C. It is of interest, as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustra,tes the structure of organic acids. 

By a successive increment of CH2, or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, CjHs, etc., the 
whole series of fatty acids can be obtained, thus : — 

/H ^ 

tCOHo 



Formic acid 



II 



Acetic acid 



H 



C§Ho '' t ^<^^^ 



Propionic acid 



{ 



JCH, 



H— C— 0— H 
H O 



f CHs 



H— 0— C— 0— H 



Butyric acid 



CH2 
COHo 

CHa 
CH3 
CH3 
COHo 



or 



fC,H« 
tCOHo 



H 
H 

H— C— C- 



H 



O 



-H 



H H 



or 



Stearic acid 



tCOHo 



r O17H36 



fe-ia^ 
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The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — to mention only stearic acid — are quite insoluble 
in water. 

BEACTIONS IN THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and 
a little carbon, with disengagement of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off CO2, 00, and OH2, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS m THE WET WAY. 

"We employ A solution of sodic formate, \ qq^ . 

All formates are soluble in water ; some also in alcohol. 

Formic acid and formates are readily recognised by their pro- 
perty of reducing salts of the noble metals, e.g.^ AUCI3, N02Ago, 
N204Hg2o", or HgCl2, to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidised by formic acid. 

This reducing action distinguishes formic acid from acetic acid and 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
burns with a fine blue flame. (Method of preparing carbonic oxide 
GAS.) The mixture does not blacken. The decomposition is expressed 
thus : — 

I coHo "^ SO2H02 = CO + SOgHoa + OHa. 



ACETIC ACID (Vinegar), | ^q|j^.— Obtained either by the 
oxidation of alcohol, iiius : — 

{ ChIho + ^2 = { COHo + ^^»' 

or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 117^0., and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated sulphuric acid (6 parts by weight). The crude acid is placed 
over MnOa, in order to destroy any SO2, and rectified by distillation 
over a little sodic acetate. 

reactions in the dry way. 

Acetates are ddcomposed upon ignition, yielding a peculiar 

{CH 
COCH ' *^^S' — 
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KoOT«, = 00''"-+{goOH.. 

The acetates of the alkalies and alkaline earthy bases, when 
etronglj ignited, leave a carbonate ; those of the heavy metals 
leave either a metallic oxide, or tlie metal itself, mixed with 
carbon. 

Heated with canstic alkalies (soda-lime), es seen in Fig, 19, dry 



Bodic acetate gives ofE marsh-gof, or light carburetUd hydrogen, CH», 
thus: — 

^{oONao + NaHo,CaHo,= 2C0Nao>, + COCao" + SCF.. 

Marsh gu. 

The gas can be collected in the nanal manner over water, and on 
applying a light it bnms qnietly with a yellowish flame, with for- 
mation of wat«r and carbonic anhydride. It forms one of the con- 
stitnents of the gas-bnbbles which are seen to rise from the bottom 
of stagnant waters, where decaying organic matter has accnmnlated. 
Heoce ite name maTsh-gtu. 

Its specific gravity is '554 when compared with air. Its mole- 
cnlar weight is 16, one litre weighing 8 criths. A mixtnre of marsh- 
gas and air — one part by volnme of the hydrocarbon with 10 of air 
— explodes powemlly when a light is applied. Light carbnretted 
hydrogen forms a conBtitnent of ordinary coal-gas, and is likewise 
found in coal mines, where it gives freqnentty rise to explosions 
when mixed with air and fired. It is Cfilled by the wiaer Jire-dnmp, 
The atmosphere left in the workings of a coal-pit, after an exploaioa 
of fire-damp has t^ken place, is called choke-damp, or after-damp, 
consisting to a large extent of carbonic anhydride. 

BIACTIONS IN THE WET WIT. 

A 80LDTI0S OP 80DIC ACETATE, I nnWao "**' ^ employed. 
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All acetates are soluble in water. Argentic and mercurous acetates 
are the least soluble. 

On beating a solid acetate (or a concentrated aqueous solu- 
tion of it) with alcobol and concentrated sulpburic acid, acetic 

ether (etbylic acetate), < nQjji. (Et = etbyl) is formed which 

possesses a peculiar fragrant odour. The cbange is expressed 
thus : — 

{ CONao + ^*^« + ^O'^**' = { OOEto + SO^^oNao + OH,. 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEt2, be formed, the odour of which would mask that of the 
.tcetic other. 

By distilling an acetate with moderately dilute sulphuric acid 
in a retort, free acetic acid is obtained, which is recognised by its 
characteristic pungent odour. 

Fe2Cl6 added to a solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as basic ferric acetate, in the form of brotonish-yellota flakes, 
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Amraonic acetate, especially in the presence of ammonia, dissolves several 
insoluble sulphates, e.ff., SOaPbo^', S02Cao''. 

STEARIC ACID, { coHo*""-'^^^^^ ^^ ^^^^^ ^^^'®®' ^•^•' 

r CHaHo 
pure mutton fat, in combination with glycerine, < CHHo. When 

LCH,Ho 
heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soap, freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest facility in alcohol, from which it ciystallises 

r C H 

in milky white needles. Its composition is C18H36O2, or < nOH* • 

r c H 

It melts at 64° C. Pure hard soap is sodic stearate, < qq-kt^ » and 

contains generally — 

20 — 25 per cent of water 
7 — 8 „ „ soda^CONaj) 
and 67 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms. cut up into 
thin .slices, in a porcelain dish, with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 

H 
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to cool, when the fatty acid is obtained as a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 

QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 

3. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from this action ? 

4. Explain the structure of the seyeral members of the fatty acid series. Give 

illustrations. 

5. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air ? 

6. How can a formate be detected in the wet way ? Give equations. 

7. State how you would prepare pure carbonic oxide A^)m baric formate. 

8. You have given to you plumbic formate, how would you prepare therefifom 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas ? 

12. Explain the tenma fire-damp ^ and choke-dampf or after-damp, 

13. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. Q-ive graphic formulae for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuCla, yielded 2*235 grms. of metallic gold. How much 
formic acid by weight did the solution contain ? 

20. A quantity of crystallised argentic acetate leaves upon ignition 1*236 grm. of 

metallic silver. How much acetic acid does this correspond to ? 

21. How much dry sodic acetate must there be decomposed in order to obtain 

20 litres of marsh-gas ? 

BENZOIC ACID, (c'^q, or shortly BzHo— Is found 

in many gums and balsams, from which it is obtained by subli- 
mation. Heated in a tube open at both ends, the acid sublimes in 
long needles, giving off a very irritating vapour. Heated on platinum 
foil, benzoic acid burns with a luminous smoky flame. 

The crystalline acid is very slightly soluble in water or acids, 
and floats on water. Benzoates of tetrad metals are mostly msohible 
in water, all others are soluble, 

FesCIe gives B,pale yellow precipitate of basic ferric benzoatc, 

Bz6Fe20^,Fe^03 -|- 15 Aq ; and ammonic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 38). 

On distilling benzoic acid with lime or baryta, benzol, CeHs, is 
obtained — 

I %ORq + °*^ = *^«^' ■*" COCao". 
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Dilute acids precipitate benzoic acid from aqaeous solutions of 
benzoates ; nitric acid is without action apon it. 

Heated with concentrated sulphuric 8X5id, benzoic acid does not 
blacken, neither does it eyolve SOg. 



rCOHo _ 

SUCCINIC ACID, < C2H4 , or briefly SuHoj.— Dtfto^Vj acid,— 

LCOHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid upon butyric, stearic, or 
margaric acids. The acid crystallises in white plates, is readily 
soluble in water, alcohol, and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in silky 
needles. Heated upon platinum foil, it bums with a blue flame and 
without smoke. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a white precipitate of nentral plumble 

rco— ' 

snecinate, < C2H4Pbo", which is rendered basic by treatment with 

lco_, 

ammonic hydrate. 

Fe2Cl6 produces from a solution of neutral ammonic succinate, 
a brownish-red, voluminoufi precipitate of basic ferric succinate, 

Su3Fe20^,Fe303, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This ebaction 

SERVES FOR THE SEPARATION OP Mn" FROM Fc*^). 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained which can be separated by 
filtration from the insoluble residue. On the addition of alcohol 
and BaCl2 to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHoa.) 



QUESTIONS AND EXERCISES. 

1. How are benzoic and succinic^acids prepared ? Give graphic formulae. 

2. How would you distinguish BzHo from SuHo^ in the diy way ? 

8. State how the precipitate produced by BzHo and SuHo^ with 762016 
assists us in distinguishing between these two acids. 

4. How would you prepare benzol from benzoic acid ? 

5. You have given to you a mixture of plumbic benzoate and succinate. State 

how you would obtain the two acids in the free state. 

6. I'd40 grm. of the argentic salt of an organic acid leaves upon ignition *632 grm. 

of metallic Ag. What is the molecular weight of the acid ? 

M 2 
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OXALIC ACID^ < QQo; — Dibasic acid. — Obtained by the 

oxidation of a large number of organic bodies, e,g,, sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

COHo "^ 2Aq, is a violent poison. It crystallises in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts, neutral and 

acid oxalates, < nOKo ^^^ i GOHo' ®^^^ (besides some swper-a^cid 
oxalates). 

REACTTONS IN THE DRY WAY. 

Oxalic acid when heated by itself, sublimes for the most part 
unchanged ; a portion of it breaks up into CO, CO2 and some formic 
acid. Oxalates yield, upon ignition, different products of decom- 
position, according to the nature of the base contained therein. 

Alkaline oxalates leave a carbonate, with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
ca/iistic base, if a strong heat be applied, and give off CO and COj. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break up into 
metallic oxides, and give off equal volumes of CO and CO2, or into 
metal, as for instance argentic oxalate, giving off CO2. 

REACTIONS IN THE WET WAY. 

-rxr T f COAmo 

We employ a solution of ammonic oxalate, < qq Ajn • 

Oxalates are either soluble in water, e.g., the alkaline oxalates and 
a few metallic oxalates ; or insoluble in water, but soluble m oAsids. 
CaGl2 (S02Cao" or CaHo2) precipitates even from very dilute 

{CO 
QQOao", readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCU gives from solutions of neutral oxalates a white precipitate 

{CO 
QQBao" + Aq, soluble in oxalic acid, readily 

soluble in hydrochloric or nitric acid. 

NOsAgo produces a white precipitate of argentic oxalate, 

1 CO A^^> soluble in dilute nitric acid, and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into CO and C02, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
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of OHa. The gaseous mixtnre is passed throngh a wash-bottle 
containing caustic soda or lime-water, and the carbonic oxide gas 
is collected over water. The gas bnms with a hliie flame. (Usual 

METHOD FOB PBEPABINQ CARBONIC OXIDE.) 

Oxalic acid, or oxalates in the presence of free mineral acids, act 
as redAicmg agents. 

Treat a little black oxide of manganese and oxalic acid, or an oxalate, with a 
few drops of concentrated sulphuric add. Efferyescence ensues. The gas which 
escapes is carbonic anhydride, thus : — 

MnOa + I Q^^ + 2SOaHoa = 2OO2 + SOjMno" + SO2K02 + 2OH2. 

A solution of gold is reduced to metallic gold, thus : — 

2AuCa8 = 3 1 ^^^^ = 6OO2 + Au2 + 6HC1. 
Potassic permanganate is speedily reduced (decolorised). 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained ? Describe shortly its properties. 

2. What changes does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating 

with SO2H02 ; 3rd, upon treatment with SO2H02 and MX1O2 or GrjOsKoa ; 
4th, in contact with AuCls ? 

3. How would you distinguish calcic oxalate from calcic carbonate, fluoride, 

borate or phosphate. 

4. What takes place when potassic, argentic, calcic, or zincio oxalate is ignited by 

itself? 
6. How would you prepare pure carbonic oxide gas from sodic oxalate ? 

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost without 

any blackening ? 

7. Calculate how much M]i02 is contained in a sample of black manganic 

oxide, 2*2 grms. of which, when treated with < ^OE^o ^^^ SO2H02, 

yielded 1*662 grm. of OO2. 

8. The calcic salts in one litre of water are precipitated with ammonic oxalate. 

The precipitate yields upon ignition 1'695 grm. of COCao''. How much 
CaO does the water contain, 1st, per gallon, 2nd, per 100,000 parts P 

rcoHo 

TABTARIO AOIDX cHHo» ^^^^^^ TRo^JKbasic acid.— 

LC9H0 
Found in grapes, tamarinds, pine-apples and several other fruits in 
the form of hydric potassic tartrate. The add met with in commerce 
is prepared from the tartar or a/rgoli an impure hydric potassic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble aJso in alcohol. The aqueous solution under- 
goes gradual decomposition. 

BBACTIONS IN THE DRY WAT. 

Tartaric acid is decomposed by heat, giving off a peculiar odouTy 
resembling that of hwmt sugar (caramel), and leaving a residue of 
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carbon. Alkaline tartrates when lieated in a test-tnbe, are decom- 
posed, with evolntion of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black fltix), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and efiervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

BEACTIONS IN THK WET WAY. 

We employ a solution of tartaric acid, and for some reactions 
A SOLUTION OF A NORMAL SALT (Bochelle Salt, OT potassic sodic tar- 
trate). 

The alkalme tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline earthy 
bases, of the earths and heavy metals, are difficultly soluble in water, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric acid serves to 
prev&nt the precipitation of PejOs, CrjOs, ZnO, NiO, CoO, MnO, 
CuO, PbO, BigOs, PtOj or CdO, whilst some other substance, 
e.g., POHos, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 

precipitate of hydric potassie tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation and by 
allowing to stand for some hours. Alkalies dissolve the precipitate, 
forming a normal tartiate, soluble in water, from which acetic acid ' 
reprecipitates the hydric potassic tartrate. 

CaHoa added to excess precipitates free tartaric acid as a white 

calcic tartrate, TCao". 

CaCl2 (but not S02Cao", except on long standing,) precipitates 
from a solution of a normal tartrate, white calcic tartrate (TCao", 
+ 8 aq.), soluble in acids, even tartaric acid, in ammonic salts 
(AmCl), but not in ammonic hydrate. The precipitate is soluble 
in cold potassic or sodic hydrate, which is nearly free from carbonate, 
but is repredpitated on boiling as a gelatinous mass, which redissohes 
on cooling, 

NOaAgo produces from a solution of a normal tartrate {e.g.^ 
Rochelle salt) in the cold a white curddj precipitate of arsentlc tar- 
trate, TAgOj. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the . 
solution in a clean test-tube or flask during ten to twenty minutes, 
in water, heated to about ^^^ C, the glass becomes coated with a 
finejilver mirror. (Chabactbbistio reaction for tartaric acid.) 

AcsPbo" gives a white crystaMvne precipitate of plumUlc tartrate. 
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TPbo*, from solutions of tartaric acid, or its soluble salts. The 
precipitate is soluble in nitric acid, and in amnionic hydrate ; the 
latter giving rise to the formation of plumbic amnionic tartrate, 
which cannot be precipitated by AmHo. 

Tartaric acid and ammonia dissolve S02Pbo". 

Concentrated SO8H02 decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SO2, CO2, and 00, and separation of 
carbon. 

QUESTIONS AND EXEBOISES. 

1. Describe some sources of tarfcario acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 
8. What is the composition of Hack flux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 

5. How can tartaric acid be detected in the wet way ? 

6. G-iye graphic formulae for Bochelle salt, argentic and plumbic tartrates. 



r CHHo(COHo) _ 

CITRIC ACIDJ CH (OOHo) + 2 aq., or briefly CiHos.— 

LCH2 (COHo) 
Trihasic add, — Obtained from orange or lemon-juice. Found also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxyl by a corresponding 
amount of potassoxyl, etc. 

REACTIONS in' THE DRY WAT, 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

REACTIONS IN THE WET WAY. 

We employ a solution of CiHoa in water, or a solution of a 

NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate. 

CaHo2 gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating , a white precipitate of 
calcic citrate, Oi20ao"3, is obtained. (Distinction between tartaric 
AND citric acid.) When both citric and tartaric acid are present, the 
precipitate produced by CaHog, or CaCl2 in the cold is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 
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CaC]3 produces at first no precipitate m the cold from an aqneons 
solution of citric acid, or a soluble citrate ; but on standing precipi- 
tation takes place and is all but completed, even in the cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained, if the solution be neutral, or if it contain an excess of Kme 
water or ammonic hydrate. This precipitate is msoluhle in sodic or 
potassic hydrate, but soluble both in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides, more especially of AI2O3, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and COj escape, at first 
without any blackening of the Hquid, but on boiling for some time, 
SO3 is evolved, and carbon separates. 

QUESTIONS AND EXERCISES. 

1. Whence is citric acid deriyed ? 

2. Describe the tests which distinguish citric from tartaric acid. 

3. Q-iye graphic formula for citric acid. 

4. How would you detect oxalic, tartaric, and citric acids contained in a 

Hquid ? 

5. Why does the presence of citric or tartaric acid prevent the precipitation of 

AI3O3 or Fe303 by AmHo? 

6. How would you separate phosphoric acid by precipitation with a magnesic 

salt from a solution containing phosphates of Al*^, Fe^^^ and Mn'' ? 
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In order to enable the analyst to acquire a thorough mastery 
oyer the reactions for bases and acids, some 25 to 3Q simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
by the following examples : — 

1. Crystallised magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Bochelle salt). . 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic carbonate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically and the 
results careftdly noted down in the analyst's laboratory book tmme- 
diately they a/re made, and in the order indicated by the arrangement 
of the Analytical Tables. A carefdl preliminary examination in the 
dry way yields for the most part resultiS which are decisiye of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refuse- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. NaOiPbo", 
HgCl2, 
AmCl, 
COCao". 

2. CaCl2, 
SrCl2, 
BaCl,. 

3. AS2S3, 
AmCl, 
NO2K0. 

4. Ammonium alum. 
Chrome alum, 
Ghdena. 

5. Chrome iron ore, 

6. Type metal. 

7. Stourbridge fire-clay. 

8. GrOJBao", 
PeaOa, 

CaCla, 
Sulphur. 



{ 



9. BaClz, 
POHoBao", 
COKo 
COKo 

10. Ammonium alum, 
Chrome alum, 
POHoNaog, 
PeaOs, 

SiO,. 

11. COBao", 

PaOzBao'^s, 

SOjBao", 

NaCl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite. 

15. Material which has been 

used for purifying coal- 
gas, 

16. Alkali waste. 
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OF 



SIMPLE AND COMPOUND SUBSTANCES, BOTH IN 

THE DRY AND WET WAY. 
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Examination of a Substance in the Wet Way. 

1st. The substance under examination is a liquid. — Examine it 
by means of well-prepared test-papers. The liqnid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salt. Or the solution possesses an alkaline reaction, 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. TJie substance under excemination cotisists of a solid body,^^ 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other compounds which are decomposed with difficulty 
by acids, are finely powdered in an agate mortar and then lemgatedy i.e., stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of levigation, till the whole of the substance is 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the vessel, 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
oparation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NO2H0 has rarely to be resorted 
to. If an insoluble residue be left, breat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
substance is treated with acids, especially whether any and what 
gases are disengaged. 
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The residue insoluble in water and acids should be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONaoa and COK03 (fosion- 
mizture) and fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only baric, strontio, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; Si02, 
MANT SILICATES ; NATIVE OR IGNITED AljOs AND ALUMINATES ; IGNITED 

CrjOs and FSiOs; chrome iron ore; Sn02 (ignited or as tin- 
stone) ; IGNITED SbaOi (a few METAPHOSPHATES AND ARSENATES) ; 
CaFa, AND A FEW OTHER NATIVE FLUORIDES; SULPHUR AND CARBON, 

are usually present in the residue. 

Ag4FeCy« and AggFejCyw, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NO2H0. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Gycmogen compownds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 3 parts of 
SOfAmos and 1 part of NOaAmo. The metals can then be detected 
in the residue in the usual manner. 

Memark. — In order to economize time, the solution of a substance should be 
prepared at the same time as the examination in the drj waj is conducted, and 
whust the separation into groups is effected by means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Group II, and in separating Fe*% Cr*% 
and Al^^ by means of COBao'' in Group III, may be employed in the examina- 
tion of the precipitate produced by HCl or SHg, as well as in detecting the acido 
in the dry and wet way. 
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GENERAL TABLE FOR THE 



To the greater portion of the original solution add HCl, as 



The PB180IMTATB may contain — 



FbOlsi white 
AgOl, „ 

BffiCly n 



(Note 2.) 
Kxamine hj Table I. 



The TILTBATB (Note 3) is largely 



The FBECIPITATE may contain — 



BgrS, black 

PbS, 

Bi^S,, 

OuS, 

GdS, yellow 



tf 



it 



ft 



Insoluble in sodic hydrate, 
» or yellow ammonie sul- 
phide. 



SnS, brown "^ 

SnSa, yellow 

SbjSs, orange 

SbjSs, „ 

ASjSs, yellow 

Au^Ss, black 
PtSj, 



Soluble in sodio hydrate, 
or yellow amnionic sul* 
phide. 



M 



Examine by Table II. 
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long as a precipitate is produced, and heat gently. (Note 1.) 



diluted with water (Note 4), saturated with gaseous SH3, and gently heated (Notes 5 and 6). 

Evaporate the feltbatb till free from SHj, then add a few drops of concentrated SNTOaH?, and 
eyaporate to complete dryness. If oxalates or organic matter (Note 7) be suspected (indicated 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. Treat 
the residue with a little concentrated HCl, add water and heat, when it dissolyes either wholly or 
leaves a white residue of SiOj (Note 8). Test a small portiou of the HCl solution with ammonic 
molybdate, with the addition of concentrated nitric acid. 

(A.) No precipitate is ohtained, POHos Is absent. — Add AmCl, AmHo, and SAmj, to the remaining 
portion of the solution, heat to boiling, and filter quickly j wash weU with hot water 
containing a few drops of anmionic sulphide. . 

(B.) A precipitate is obtained, POH^Os is present. — Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water. 
To the filtrate add SAmj to slight excess, heat to boiling and filter. Wash with hot water 
containing a few drops of SAm^, and examine filtrates under Group lY. Transfer the two 
precipitates to a porcelain dish, and digest with a little SAmj (Note 9). Filter ofi and 
wash well. Neglect filtrate (Note 10). 



(A.) 

The FB9CIPITATB may con- 
tain — 

AlsHo^, yellowish-white, 

gelatinous. 
OrsHog, bluish-green. 
PeS, black. 
ZnS, white. 
BKnS, flesh-coloured. 
NiS, black. 
OoS, 

Examine by Table III A. 



(B.) 

The PBBCIPITATB may con- 
tain — 

AlaHoe, yellowish- white, 

gelatinous. 
GrsHoc} bluish-green. 
FeS, black. 
ZnS, white. 
KnS, flesh-coloured. 
MiS, black. 
Cos, 

Together with the phosphates 
' of (Or) and Al, as well as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table III B. 



To the 7ILTBATE from III A. or 
III B. add AmHo and OOAma^, 
heat gently (Note 12) and fllter. 



The FBBOIPITATE 

may contain — 

OOBao'', white. 

COSro", 

COCao", 



»» 
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Examine by 
Table IV. 



SoLTTTiON may 
contain-^ 

Kgro. 
0E3. 

ONag. 

Examine by 
Table V. 
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NOTES TO GENEBAIi TAJBLE. 

1. In ease the original substance had to be dissolyed in hydroohlorio aoidy 
Tj may be passed at once. 

2. In a saturated solution of a baric salt, HOI produces a white precipitate, 
soluble in hot water. From an alkaline solution HOI maj precipitate bIHo^ 

(fi^elatinous), BHos, BzHo [and uric acid] crystalline, also Sb205 (amorphous). 
Metallic oxides, such as AI2O8 and metallic sulphides, such as ASsSs, SbaSsi 
Sb2S5, SnS, and S11S2, which dissolve in NaHo or SjAms, may likewise be pre- 
cipitated on the addition of HOI, and are best examined separately. 

8. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SOH03, or 
SOHoAmo, and the acid solution evaporated considerably to expel the SOj. 
Ba, Sr, and Pb, when present, may be precipitated either partly or wholly, as 
sulphates. The precipitate is best examined separately. 

4. Oertain oxychlorides, e.g., of Bi, Sb, or Sn, may be precipitated on the first 
addition of dilute HOI, or water, but are readily redissolved on the addition of 
more acid, and on gently heating ; or the precipitate may be disregarded, since 
SHj readily converts the finely divided oxychlorides into the corresponding 
metallic sulphides. 

6. SH. often produces merely a precipitation of sulphur, owing to the 
presence of oxidizing agents, such as 01, Br, I (SOH03, NOHo), NO3H0, OlHo, 

i OHo' I OHo' I OHo* ^^^ CPO2H02, or of ferric salts. This precipitate 

is easily distinguished by its being white and remaining suspended in the solution. 
It may be neglected altogether. A brick red precipitate of Pb2SOl2 often comes 
down from strongly acid (HOI) solutions, if the solution has not been sufficiently 
diluted with water. Oadmium is often left in solution, if too much acid be 
present. 

6. SH2 should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of Group H. 

7. Organic acids, e.g.y TH02, OiHos, also sugar, etc., prevent the precipitation 
of Al2Hoe, etc., in Group III. (Oomp. p. 166.) 

8. It is possible that this Si02 may be mixed with other substances, «.^., 
AlsOs, Or^Os, FeoOs (rendered insoluble by strong ignition), SO^^ao^', 
802Sro", in which case it is necessary to examine it separate^. 

9. If the S Am2 were added simultaneously with the AmQ and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Oo would be decomposed into sulphides, with 
formation of POAmos, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmHo. (Oomp. 
p. 52.) 

10. This filtrate may contain POH03, a proof that a phosphate of the metals 
Fe, Zn, Mn, Ni, or Oo was present in the original HOI solution, or, vice vend, 
that all these metals (or one or several of them) may be present. (Oomp. 
p. 52.) 

11. Small quantities of borates and fluorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaUne earthy phosphates, but 
need not be examined further, since their bases will be detected in Group IV, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmOl, hj double decomposition, 
dissolves tlie idkaline earthv carbonates forming ohlondes and ammomo — 
bonate, which volatilizef wiw the aqueous vapour. 
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Table II.— SEPARATION OF 



The precipitate maj contain BpS, FbS, Bi^S,, CuS, OdS, SnS, SnSs, SbsSa, SbsSs, ASsSa* 

(Comp. p. 90.) Wash the precipitate until free fiK>m 



BssiDUB. — Wash well; boil in a little concentrated NOaHo, until all action ceases. Dilute with 
water ; add dilute SO3H0S, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (methylated) ; filter. 



Residue.— May contain BpS, SOjPbo'' 
and S. Boil in ammonio acetate : 
SOjPbo'^ dissolves i allow to cool 
and filter. 



KssiDrB consists 
of BpS and S, 
or of S only. 

Confirm by re- 
dudDg the dried 
BpS in a bulb- 
tube with dry 
CONaO]. 

Metallic mirror 
and globules. 

Presence of H9. 

(as mercuricum.) 



Solution. — Add 
OrOsKoa, yel- 
low precipitate 
of CrOaPbo". 

Pretence of Pb. 



Solution. — Boil off the alcohol, add excess of AmHo ; 
boil and filter. 



The PBEOIFITATE 

consists of 

BIH(^. Dis- 
solye in a few 
drops of dilute 
HCl ; evapo- 
rate nearly to 
dryness and 
add water. 
MilkinesB from 
BlOCl. 

Presence of Bt. 



Solution. — Acidulate slightly with 
HOI and pass SH3 ; filter off and 
wash the precipitate with weak SH3 
water. Boil with dilute SO3H03 
and filter. 



Besidue. — Dis- 
solve in If OjHo; 
add slight excess 
of AmHo; then 

K4FeCy6. Brown 
precipitate of 
CuaFeOye. 

Presence of Gu. 



Solution. — Add 
AmHo and pass 
SHj. Yellow 
precipitate of 
CdS. 

Presence of Ctf, 



Note 1.— CuS is somewhat soluble in SjAms and Bgr^ ^ SNas. It is therefore advisable to 

If both CuS and BpS are present dissolve In 
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(An and Ft mnBt be tested for speoiallj in a separate portion of the filtrate from Group I). 
HGl j boil with NaHo, or S^Ams, and filter (Note 1). 



SoLFTiOK mar eontain As, Sb, Sn (An and Ft) as snlpho-salts. Acidulate with dilute hydro- 
chloric acid, ASs^S) SbsSs, and SnS^ are reprecipitated. Filter and wash ; digest with 
OOHoAmo and fiUlter. 



Besidub consists of SbsS^ and S11S2. Dissolve in boiling 
HOI. Introduce into a Marsh's apparatus in which 
hydrogen is generated by means of pure Zn and HCl. 



SbHs conies off. Collect as 
metaltic Sb on porcelain or 
glass and identify the de- 
posited metal by means 
of ClNao or dry HCl gas. 

Pretence of Sb. 



The BESiDrB in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strip6 of zinc; 
wash and dissolye in a 
little concentrated HCl by 
the aid of platinum -foil. 
Dilute with water, and add 
Sg^Clj. A white precipi- 
tate of Bgr2Cl2, or of grey 
metallic Hg, is obtained. 

Presence of 8n. 



Solution' contains ASaSs- 
Beprecipitate by adding HCl. 
Confirm the presence of As 
by reducing with KOy and 
vONaos in a bulb-tube. 

Metallic mirror and garlic 
odour. 

Presence of As. 



dissolre the precipitate in the absence of OuS with SgAmj, and in the absence of 
SaAms, when a little €uS will be found in the solution. 



S with SNaj. 
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A. POHos Is Absent. — Dissolye the precipitate from Group IIIa. in a little dilute HOI, with the 

is perceptible. Filter off sulphur if necessary. Nearly neutralize solution with OONaoa ; add 
possible. Pour off the clear liquid, which contains the chlorides of the metals Zn, Mn, Ni 
chlorides of Fe*^ Al^^ and Cr^^ ; throw the precipitate — which contains the hydrates (and basic 
hot water. 



SOLUTIOK. — BemoTe BaClj by adding a few drops of dilute SO2H03 ; boil, allow to subside, 
and filter off SO^Bao'^ Nearly neutralize the filtrate with OONaos, and add pure NaHo, 
till the solution becomes alkaline ; boil and filter. 



The SOLUTIOK may eon- 
tain zinc as ZnNaO). 
Add SHs. White 
precipitate of ZnS. 

Presenee of Zn. 



The FBECIPITATE may contain llInHos, O0H03 and NiHoj. Wash, 

diisolve in a little dilute HCl ; nearly neutralize with AmHo ; add 

r CSTT 
excess of < fjOAmo ^^^ ^ ^^^^^^ acetic acid ; pass a rapid current of 

[3 for sereral minutes through the solution and filter. 



The BOLTJTION con- 
tains the manganese 
as acetate. 

Add AmCi, AmHo and 
SAmj. 

Flesh-coloured preci- 
pitate of XnS. 

Presence of Mn. 



Besiditb. — Dissolve in HCl and < 2^ ; nearly 

neutralize with GONao^ ; add a weak solu- 
tion of £0y, so as just to redissolye the 
precipitate first produced. Boil briskly for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong solution of 
GlNao ; allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Pee CI P. — WlsHoft. 
Confirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame. 

A yellowish to sherry- 
red bead. 

Presenee of Nl. 



The SOLUTION con- 
tains the cobalt as 
KeCoaCyij. Evapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe flame on a 
borax bead. 

A blue bead in both 
flan-ei. 

Presenee of Co. 



j^0^ 1. If no pure NaHo can beprocured, a comparative test should be made, by acidulating a 

precipitating it with dilute UCl and AmHo. If the amoimt of precipitate thus obtained 



whettier All>e present or not in the mixture. 



189 



METALS OF GEOUP IIIa. 



addition of a few small ciystals of -j ^ig-^* Bigest at a gentle heat, as long as anj chlorous odour 

COBao^' and shake well. Allow to subside in a flask kept corked, to exclude the air as much as 
and Co, as well as BaCln, arising from the double decomposition of the COBao^', by the 
salts) of Fe*^ Al**^ and Cr*% as well as the excess of COBao" employed — on a filter and wash with 



Pbecipitatb. — ^Dissolve in dilute HOI ; remove the BaCl^ thus formed, by dilute SOjHos and 
filter. Nearly neutralize the filtrate with CONao.2, and add pure NaHo (free from alumina) 
(Note 1) in excess, and boil for some time. Z'e2Ho6 and Cr^Hos are precipitated. AI2H0C 
dissolves in excess of NaHo. 



Fbbcipitate. — ^Fuse with fusion-mixture and VO2K0 on pla- 
. tinum foil. Dissolve the alkaline chromate which is thus 
formed in hot water, and filter. 



Residue. — ^Dissolve in dilute 
HCl and add K4¥eCy6. 

A precipitate of Prussian 
blue. 

Pretence of Fe. 

Dilute and test the original 
HCl solution specially for 
Fe" and Fe*^by means of a 
solution of lll!n206Ko2, as 
well as by means of K4FeCy6, 
KfFesCyis, or CyAms. 



Solution, yellow. Confirm by 

(CH 
acidulatmg withj^g^^ and 

Yellow precipitate of 
OpOaPbo". 

Pretence of Cr. 

Test the original substance 
specially for CrjOg and 
CrOg, by boiling a small 
portion with CONaoj. The 
filtrate contains the chro- 
mate, and the residue the 
OraOs. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with OONao2 and NO^Ko. 



Solution. — ^Acidulate with di- 
lute HCL and add AmHo 
in slight excess. 

White gelatinous precipitate. 

Pretence of AL 



quantity of sodic hydrate, about equal in bulk to that employed for redissolving the alumina, and 
Dom the reagent alone, at all equals that of the AI2H06 precipitate, it must remain doubtful 
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B. POHog Is prt^tnt, — DiflBolye the precipitate obtained according to the directions giyen in 
1 OKo' ^ i^o<^88<^* Digest at a gentle heat, as long as any chlorous odour is perceptible. 

metals Zn, Mn, Ni, Co, Al»^ Cr«^ Fe% as well as phosphates of Cr>», Al*^ Ba, Sr, Ca, and 
and -j flQ^Q as long as a precipitate is produced. Heat gentlj, and filter hot. 



The SOLUTIOK may contain the chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, Sr, Ca, Mg), as well as 
the phosphates of the alkaline earthy metals. Add FOaOl^ (Note 2), (^p by drop, as long 
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest £>r some time 
at a gentle heat ; allow to subside and filter hot. Wash with hot water. 



The SOLUTION eontains now only chlorides — possibly of all the metals of 
Grpup III, as well as of the metals of the alkaline earths — ^the whole 
of the phosphoric acid having been eliminated. Add AmCl, AmHo 
and SAm2. A black precipitate is obtained, f^ter. 



Solution. — Add GOAmoj. 



A wllite PBEOIPITATB 

which may be — 

OOBao", 

COSro", 

OOCao". 
Examine by Table IV 
(without, however, 
mixing it with the 
precipitate obtained 
in Group IV). 



Solution may eontain 
Mg. Add 
POHoNm)3. 

White crystalline pre- 
cipitate. 

Presence of Mg, 

(as phosphate.) 



Examine pbecipitatb 
according to Table 
IIlAforCo,Ni,Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
dissolved in water or 
HCl, for Fe" and 
Fe*^ 



The PBBCiPiTATB con- 
sists of PsOgF&jO''^ 
and ferric acetate. 
Neglect. 



Note 1. — ^Test a portion of this hydrochloric add solution with ammonic molybdate for 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by 

Note 2. — ^If FejCle produces no further precipitate with a portion of the acetic acid solution, 
dissolution of FeS in HCl being frequently sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and the 

Note 8.— Instead of fusing with SiOs and OONaoj, -the presence of PaO^jo'* (FaOjCrso^ 
with NaHo, which dissolves FsO^AlsO^ and decomposes the ferric phosphaite, with formation of 
rcprecipitatedi 
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the General Table under Group III B., in dilute HCl, with the addition of a few crystalB of 
Filter off sulphur, if necessary (Note 1). The solution may now contain the chlorides of the 

Mg. Nearly neutralize with a dilute solution of OONa02 5 then add a solution of | ^qJ-^o 



The PBECIPITATB may consist of P202FejO^*, P202Al2O^* (Note 3), P202Cr20^*. Dry on the 
filter. Fuse in a platinum crucible with SIO2 and pure fusion mixture, together with a little 
WO2K0. Dissolve in hot water, add COAmo2 ; digest, allow to subside and filter. 



Besidfb may consist of SIH04, Sl803Fe2O*', Sl303Al20^ and Fe2Ho6. 
Acidulate with HCl ; evaporate to dryness and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 



Solution. — Nearly neutralize with CONaoo, and 
add pure NaHo in excess. Heat and filter. 



Restdfb. — Fe2Ho6. 

« Confirm by dissolv- 
ing in HCl and 
adding CyAms. A 
blood-red colour. 

Presence of Fe 

(as phosphate). 



SoLTTTiow. — Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Presence of Al 

(as phosphate). 



Besidub SiOj. 
Neglect. 



({ 



SOLITTIOH'. — Add 

{oofco -d 

Yellow precipitate. 
Presence of Clr03, and 

therefore 

Presence of Cr. 
(as phosphate). 

A white precipitate of 
P202Pbo"3 indicat- 
ing the presence of 
POHoa, may be neg- 
lected* 



phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAmo. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious that no phosphates of the alkaline earthy bases are left, the Fe2Cl<| derived from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with according to Table IIIa. 

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
POsHoe. Filter. icidulate the filtrate with dilute HCl; add AmHo, when P^^20^ is 
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EXAMINATION FOR ACIDS. 

Before proceeding to tlie examination for acids, the analyst will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him much labour and time. 

Some acids are detected on examining for bases, viz., ASaOa, 
AS20fi, Si02, and POH03 in combination with metals of Group 111 
aiid IV, CrOaHoj, CO2, SH2, SOHo,, SSOH02, ClHo, NOHo, tlie 
six lastly mentioned acids on dissolving the substance in dilute HCl, 
or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of a further number of acids, e.gr., of HI, < qtt » 

^^^' { OHo' ^^ { OHo' ^^»^^' (NOHo), HCl, (ClHo), HF, 

HCy, H^FeCye, HeFe^Cy^, CyHo and CyHs, { g^^^ and | ggJo- 

The presence of other organic acids is likewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SO2H02, evolves chlorine and red fumes 
of lower oxides of nitrogen ; in the presence of a chromate, brownish- 
red fumes of Cr02Cl2. HgCl2, HgaCl,, or SnCl* does not evolve 
HCl when treated with SO2H02. Polysulphides, when treated with 
HCl, evolve SH2, with separation of sulphur. BOa and SH2, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SO2H0S, BHos, 
POHos, SiOa will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
ncids by the most characteristic special tests. 
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Preparation of Solutions for Acids. 

Great care onglit to be bestowed upon the preparation of the 
solutioDS required for the examination of acids. On boiling a por- 
tion of the snbstance under examination with CONao2 nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 
basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
e.g.^ of Ba, Sr, Oa, or Pb, on the addition of SOsOao'^ or SO-Mgo" ; of Ag, 
'Hg'a or Pb, by BaCla or CaCla; of Fe and oth»8 by AmHo, etc., etc.) 

The precipitate produced by COITaoa (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of O0Nao2. If no further precipita- 
tiou takes place, the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as CO2 is eyolved, 
and till the solution is rendered distinctly acid. 

(SmaU quantities of SOsNaos and Nad are almost invariably contained in 
the commercial CONaOs ; it is therefore necessary to test a portion of the 
aqueous, or HCl solution of the substance, prepared without the intervention of 
GONaoa, for SO2H02 by means of BaOl}. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding NOaAgo.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO2H0 and boiling. 

3. A third portion is rendered acid by means of dilute < X^tt ; 

and lastly — 

4. A fourth portion of the alkaline solution is carefully nevr- 
tralized by first adding dilute NO2H0, drop by drop, and boiling, 
as long as OO3 is evolved, and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should he paid to these directions^ and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g,, ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONaoa decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of MoOaAmoa. (Comp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and II), SH3 should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SHa by boiling, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested bj means of 
CaOla (ammonic salts should be carefally avoided). 

No further notice need be taken of the following acids : CO2, 

{CH 
COH ' ^^^®® *^®y ^^^ ^® detected with 

certainty by a preliminary examination, and as they would, for the 
most part, be lost on acidulating the solutions. 

PoBTiON Acidulated with HCl. 

SOsHoa. — On the addition of BaCla a white precipitate, insoluble on 
boiling. 

BlHoi. — On the addition of AmCl or COAmoa ft gelatinous pre- 
cipitate, requiring no further confirmation, since SiOs is left 
on evaporating the filtrate from Group II with NOaHo. 

HiFeCye. — On the addition of FeaCls a deep bine precipitate. 

SO.,Feo" light „ „ 

HsFejCy^. — „ „ „ dark deep „ ,, 

„ „ ■ FOaC^e ft brown coloration only. — If 

both acids are present, filter off, after adding FeaCU, and 
observe the colour of the filtrate. On the addition of SnCls, 
or SOH02, to the filtrate, ft blue precipitate is immediately 
obtained, confirmatory of the presence of HeFcaCyu. 

CyHs. — FejCle produces a blood-red coloration, which is destroyed 
by HgCla and not by HCl (the red colour which acetic acid 
imparts to a s^ution of Fe2Cl« is destroyed by HCl). 

2HF,SiF4. — On the addition of BaCU a gelatinous translucent 
precipitate of BaFs^SiFi is obtained, which is decomposed by 
strong acids. Confirm by heating the precipitate, when 
volatile SiFi is given off*. AmHo precipitates gelatinous 
SiHo4 with formation of AmF, BaF, and OH2. 

PoBTiON Acidulated with NOjHo. 

HCl — On the addition of NOjAgo a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and chloric adds comp. p. 121. 

HBiT. — On the addition of NOaAgo a yellowish-white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorino 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

{OBr 
QTT . — On the addition of NOjAgo a white amorphous precipi- 
tate, little soluble in water and dilute NO2H0, easily soluble 

{OBr 
Q A may be separated by wash- 
ing with water. Argentic bromate being soluble may be 
detected in the solution by the addition of SOH02, when a 
precipitate of AgBr is obtained. 

For the distinction between HBr and HOI, comp. page 125. 
HI. — On the addition of NOsAgo a yellowish white precipitate, 
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scarcely soluble in AmHo. Confirm by the blue colour im- 
parted to starch paste by the iodine liberated by N2O3 gas. 

I OHo* — ^^ *^® addition of NOaAgo a white precipitate of s q a » 

sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SOH02. On adding acetic acid to a mixture of an iodide 
and iodate the former is instantly decomposed, iodine being 
set free, — ^most readily recognised by the delicate iodide of 
starch reaction. 

Distinction between HCl and HI. — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by NOaAgo. The precipitate is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HGl, HBr, and HI. — Precipitate the 
HI as Cuglj by means of SOgCuo" and SOaFeo" or SOH02, 
and filter. Remove the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
Cra05Ko2 and SOaHoa, and another for HBr by chlorine- 
water and ether. 

HCy. — On the addition of N02Ago a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the ^esence of HCl, filter 
oflF precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confirm also by the reaction with ferroso-ferric salts, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HOI, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H0J, and causing the evolved HCy to act upon a drop 
of NOaAgo, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A wTiite precipitate of AgCy is obtained ; or the 
CyAms which is formed gives a blood-red colour with ferric 
sedts, affording equally conclusive evidence of the presence 
of HCy. 

CyHs 1 

HiFeCye > are likewise precipitated on the addition of NOjAgo, 

HeFe»Cyi2j 

and are insoluble in dilute NO2H0. The first and second 
form salts which are insoluble in AmHo, whilst Ag^FeaCyn 
is i^adily soluble. These acids are, however, best detected in 
the portion acidulated with HCL 
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No other cyanogen compoiind bat a cyanide gires off HGy when 
treated with veiy dilute SO^Hoj, and it is therefore possible also to 
distinguish HCy in the presence of GyHs, CyHo, H4FeCye, H^e^Cyis. 

Portion Acidulated with < qqtt . 

HF. — On the addition of CaCls a white gelatinous precipitate. 
SOsHos is likewise precipitated by CaCIa in an acetic acid 
solution ; it is therefore necessary invariably to test specially 
for HF, by etching on glass. 

I COH • — ^ *^® addition of S02Cao" a white precipitate of 

{CO 
QQCao" is obtained, which on ignition leaves COCao", 

{CH 
COH * (^^^^^ fluoride is not 

affected.) 

Cr02Ho2. — On the addition of plnmbic acetate a yellow precipi- 
tate. 

POH03. — On the addition of PejCl, a yellowish- white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with CONaoj. Arsenic acid, 
if present, should be first removed by means of SHj. 

Portion Rendered Neutral. 

THoa. — On the addition of CaCls a white precipitate, soluble in 

AmCl or coldKHo.— SOjHoa, | qq^^, HF, POHoj, AsOHo», 

BH03, SiHo4, CO2, SOH02, are likewise precipitated by CaCU 
from a neutral solution, and TH02 can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic reaction consists in warming 

some TAg02, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of the test-tube. 

CiHoa. — On the addition of CaCU no precipitate is obtained till 
excess of AmHo, or CaHo2, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — vindicated during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by CaCl2 in the cold should be filtered off*, and the 

filtrate tested for CiHos, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

CiAgOs dissolved in dilute AmHo,. forms a less lustrous 
mirror, and only after boiling for a long time. 
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BH03.— -CaCla produces from a concentrated solution of a borate a 
whitish precipitate soluble in AmCl. Boric acid is also indi- 
cated in the preliminary examination by the swelling up of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concentarated S02Ho2 or 
HCl. 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 
imparts to the flame. (Comp. page 181 and 142.) 

SzHo. — On the addition of PejCle a pale yellow precipitate. Con- 
firm by the reactions which a benzoate gives in the prelimi- 
nary examination, since a precipitate of Fe^Hoe is frequently 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHos. — On the addition of PejCle a reddish brown precipitate. 

For the distinction between benzoic cmd stbccinic acids, com- 
pare page 163. 
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REACTIONS OF THE RARE METALS. 

Metals are termed, rare when they occur in nature to a limited 
extent, and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing veiy little 
afl&nity for 03cygen, snch as Palladium, Rhodium, Osmium, Kuthe- 
NiUM, and Iridium, are found native, and associated with the native 
metals Platinum, and Gold. Others are found in combination with 
oxygen, such as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or arsenic, such as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium. 

Others, especially the rare metals usually classified among the 
so-calLed light metals, having a specific gravity for the most part of 
less than 5, and yielding insoluble oxides which are mostly specifi- 
cally heavier than their metals, such as Glucinum, Zirconium, Tho- 
rium, Cerium, Lanthanum, Didtmium, Yttrium, Erbium, are chiefly 
met with in nature as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali group, whose oxides possess the 
most pronounced basic character and are soluble in water, such as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts, — 
carbonates, phosphates, or silicates — and in a soluble condition, in 
sea- water, or in certain mineral springs. 

The rare metals cannot be studied with advantage, without 
taking into account their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficulties, to be overcome only by careful attention, not merely to 
the distinctive analytical features, but to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group reagents : — 

Group I. Precipitated by HGl : — Tungsten, as tungstic acid ; 
niobium, as niobic acid ; thallium, as chloride ; 
(tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl). 

Group II. Precipitated by 8H^, from a SGI solution,, as sul- 
phides', — 

(A.) Insohihle in yellow ammonic sulphide: — 
Palladium, rhodium, osmium, and ruthe- 
nium. 
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(Bf) Soluble in yellow ammonic sulphide : — Gold, 
platinum, iridium, molybdeuum, teUurimn, 
and selenium. 
Gronp III. Precipitated by AmOl^ AmHoy and SAto^: — Ura- 
ninm, indium (thallium), as sulphides ; glucinnm or 
beryllium, thorium, zirconium, cerium, lanthanum, 
didymium, yttrium, erbium, titanium, tantalum, and 
niobium, as hydrates. Vanadium, precipitated as 
sulphide^ on adding HCl to the filtrate. 
Group TV, None. 
Group Y. Lithium, caesium, and rubidium. 

METALS OF THE ALKALIES. 

The alkali metals, Caesium, Rubidium, (potassium, sodium,) and 
Lithium are remarkable for their highly electropositive character, 
the powerfal alkaline nature of their oxides, and hydrates, and the 
very general solubility of their salts. Caesium appears to be the 
most highly electropositive member, whilst lithium shows the least 
electropositive character. They exhibit analogous gradations in 
their respective combining weights, fusion points, specific gravity, 
action upon water, and the solubihty of their carbonates, thus : — 



Oaesium. Siubidium. 



Atomic weights 133 

Fusion-points. . — 

Specific gravity! 

atl6°0. ..J 

Action of the! Decomposes 
^^4^«ia ,,^o.» I water in the cold, 
metals upon i- ^^e hydrogen be- 

■water J coming inflamed. 

SolubiUty of] COCSO3 
the respecti 
carbonates 



85-5 
38 •5*' C. 

1-516 
Do. 



Fotassiimi. 
39-1 
62 -5° C. 



Sodium. Lithium. 



•865 



23 
96° 0. 

•97 



7 
180*^0. 

•59 



Do. 



'H 



CORbo2 COKoa 



J 



Highly deliquesceitt, absorbing 
water speedily from the air. 



Do., but does Do., but 

not generally with less 

inflame the violence. 

hydrogen. 

CONaoa OOLioa 
Not Difficultly 
deliquescent, soluble in 
water. 



Lithium, in fact, appears to form the connecting link between the 
alkali metals, and iJie metals of the alkaline earths. This is shown, 
more especially, by the comparatively insoluble nature of its phos- 
phate and carbonate. 



REACTIONS OF THE RARE METALS OF THE 

ALKALI-GROUP. 

1. GAESIUIf , Cs. Atomic weight, 133. — Occurs in yery small quantities in 
many mineral waters, as Chlobide, and in a few minerals (Lepidolites) ; in large 
quantities in the rare felspathic mineral Pollux, found in Elba, said to contain 
34 per cent, of Caesia. 

Both caesium and rubidium were discovered by Bunsen and Kirchhoff in 
1860, whilst examining spectroscopically the saline residue left on evaporating 
large quantities of the DUrkheim mineral water. The metal caesium has not 
yet been isolated, but has been obtained in the form of an amalgam. The 
hydrate, GsHo, is very soluble, both in water and alcohol, and very stron^^y 
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alkaline. The carbonate, COObos, resembles potassic and rubidio carbonate, 
but is soluble in 6 parts of boiling alcohol. (Distinction fbom 00£o3 and 

00Rb02, WHICH ABE INSOLUBLE IN AlCOHOL.) 

EEACTIONS IN THE DRY WAY. 

When heated on platinum wire, in the inner flame of the blowpipe, volatile 
caesium salts impart an intense sky-blue colour to the outer flame. (Hence 
the name of the metal, from caesius, sky blue.) When examined with the aid 
of a spectroscope,* principally two intensely sky-blue lines, Csa and Csj8, close 
upon the strontium line, Sr^, are seen (together with yarious other less distinctly 
visible lines in the orange, yellow, and green). 

BEACTIONS IN THE WET WAY. 

Use a solution op Oaesic Ohlobide, CsCl. 

PtCli (Platinie chloride) produces a liffht yellow crystalline (octahedral) 
precipitate of the double chloride of caesium and platinum, 2CsO]^ 
PtCl4, very difficultly soluble in boiling water — '377 parts in 100 of water. The 
corresponding potassic platinie chloride is dissolved by repeated treatment with 
boiling water. 

THOj (tartaric acid) produces a colourless transparent crystalline precipi- 
tate of hydrie caesic tartrate, THoCso ; about 8 times more soluble in water 
than the corresponding rubidium salt. 

Method of Separation of Cs from Bb. — SnCl4, added to a solution of the 
chlorides of Na, E, Li, Rb, and Cs, containing free HGl, forms a heavy white 
precipitate, consisting of nearly pure caesic stannic chloride, 2CsCl,SxiCl4. By 
recrystallization from a hot hydrochloric acid solution, the crystals are obtained 
pure. This reaction affords an easy method of detecting caesium in a mixture of 
the alkaline chlorides. 

* When elements in the gaseous condition, or vaporized by strong ignition, 
are analysed by means of the spectroscope (for a description of which we refer 
the student to Moscoe or Schellen on the Spectroscope), they may be dis- 
tinguished from each other by the respective spectra which they give. The in- 
tensity of the spectra of metallic elements is so much greater than that of the 
non-metals, that the latter are only rarely seen. The heat which can be pro- 
duced by a good Bunsen gas burner is not strong enough to volatilize all elements, 
or to heat their vapour highly enough. Most heavy metals can only be 
volatilized by means of an electric spark, making use of an induction coU, by 
placing the galvanically precipitated metals between the electrodes. In order to 
analyse the ordinary gases spectroscopically, the spark is passed through the 
gases confined in G^issler tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metallic compounds, which can be volatilized by means of the gas 
flame from a good Bunsen burner, such as the alkali metals, sodium, potassium, 
rubidium, caesium, lithium; the alkaline earthy metals, barium, strontium, 
calcium ; and the heavy metals, thallium and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of 
these metals. A small portion is placed on the loop of a thin platinum wire, 
introduced into the non-luminous portion of the flame, and the spectrum 
examined. The different elements are distinguishable by their respective colours, 
as well as by the position, which their lines occupy in the continuous solar 
spectrum. The lines are not all of the same intensity, and therefore not equally 
available. 

It is only by employing larger quantities of pure substances, and heating 
them very intensely, that many of the less prominent lines can be observed. 
The accuracy of the rea<?tions is, however, so great that we can discover in this 
manner the merest trades of these elements, and are enabled to disentangle 
mixtures thereof, withow actual separation. Spectroscopic analysis constitutes, 
in fact, a most valuable auxiliary to chemical analysis. 
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2. RVBIDIUH, Bb. Atomic weight, 85*5. — Occurs widely di^sed in 
nature, although only in very small quantities, in a large number of minerals, in 
LepidoUtea and in mineral waters, likewise in the ashes of many plants, such as 
tobacco, coffee, beetroot, &c. The metal is obtained, Uke potassium, by heating 
the carbonate with carbon. It is white, more easily fusible and convertible into 
vapour than potassium, and takes fire spontaneously in air. Its oxide, rubidia, 
OKb2, is a powerful base, and its salts, like the corresponding caesium salts, are 
isomorphous with those of the metal potassium. The hydrate, BbHo, is strongly 
alkaline, and very soluble in water and alcohol. The carbonate, COEbos ^ ^ 
deliquescent salt, insoluble in alcohol. 

SEACTIONS IN THE DBT WAT. 

Volatile rubidium salts, when heated on a platinum wire in the inner blow- 
pipe flame, colour the outer flame dark red (hence the name rubidium, from 
ruhiduSy dark red). When examined spectroscopioally, two dark red lines, 
BbS, and Bby, on the extreme left of the solar spectrum and dose to the potas- 
sium line, together with two distinctly violet lines, and several weaker lines 
in the yellow, readily distinguish rubidium compounds. 

BEACTIONS IN THE WET WAT. 

A SOLUTION OP EuBiDio Ohloblde, RbCl is employed. 

PtCi4 (platlnlc chloride) produces a light yellow crystalUne (octahedral) 
precipitate of rubldie platlnlc chloride, 2BbCl,PtCl4, very difficultly soluble 
in boiling water. The solubility of the double chlorides of platinum and potas- 
sium, rubidium, or caesium is respectively as 5*18, '634, and '377 in 100 parts of 
boiling water. {Method of Separation of Kfrom Rh and Cs.) 

THos (tartaric add) yields a white precipitate of hydrle rnhidic tar- 
trate, THoBbo, which is less soluble than the corresponding caesium com- 
pound. 

Separaiion of Caesium from Rubidium. — The several platinum salts are first 
prepared ; and after having been gently heated in a current of hydrogen, the 
CsCl and BbCl can be separated from the metallic platinum by hot water. The 
two chlorides are next converted into carbonates, by digestion with OOAgOj. 
The solution can then be evaporated to dryness, and the OOCso^ extracted with 
boiling alcohol, OOBbos being insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to the solution twice as much tartaric acid as is 
necessary to neutralise it. The two tartrates are separated by fractional crystal- 
lisation, hydric rubidio tartrate ciystaUising out first, being about 8 times more 
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar- 
trate yields again the carbonate, from which the various salts may then be 
prepared. 

8. lilTHIVBI, Li. Atomic weight, 7. — ^Appears to be widely difiused in 
nature, although it is found, in anything like quantities, only in a few silicates, 
especially in lithia mica or lepidolite (2 to 5 per cent, of Li), in petalite and 
spodumene, and in a few phosphates, such as triphylline, or ferrous [man- 
ganous] lithic phosphate, 3P202Feo''8> FOLios (with 8 to 4 per cent, of Li), and 
amblygonite (6 to 9 per cent, of Li). It has abo been found in many mineral 
springs — most abundantly as yet in a mineral spring in Cornwall — in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidisable than potassium and sodium. It 
makes a lead-grey streak on paper. When freshly cut, it has the colour of silver: 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but softer than lead. It floats on rock oil, 
and is the lightest of all known solids, its specific gravity being only *69. It 
decomposes water at the ordinary temperature, with evolution of hydrogen, 
forming lithic hydrate, LiHo, but does not melt, and it ignites in air only far 



REACTIONS OF THE RARE METALS. 207 

above its melting point (180° C). The oxide, OLij, is not deliquescent. The 
metal is prepared by passing a powerful galvanic current into fused lithic 
chloride. 

BEACTIONS IN THB DBY WAY. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a very distinct carmine red colour to the blowpipe flame, when heated on 
platinum wire. An excess of potassium salt does not materiaUy interfere with 
the production of this colour ; but the presence of a small quantity of soda gives 
rise to a yellow flame. By means of the spectroscope the occurrence of very 
minute traces of lithium may be readily detected by a brilliant crimson band, 
Lia, between the lines B and C, and sometimes a faint yellow line, if the flame 
of a good Bunsen burner be employed. 

BEACnONS IN THB WET WAT. 

We employ a solution op Lithic Chloride, LiCl. 

PtCl4 produces no precipitate. 

POHoNaoa (liydrie disodic pliospliate) — but not the corresponding 
potassium salt — produces on boiling a white precipitate of lithic ptaospiiate, 
2POLio3 + Aq, very little soluble in cold water, soluble in HCl, and reprecipi- 
tated only, on boiling, after neutralisation with AmHo. 

liitliic €arbonate, especially after having been fused, is difficultly soluble 
in cold water, hence alkaline carbonates yield from concentrated solutions of 
lithium salts a crystalline precipitate of lithic carbonate, OOLio^ (1 part of the 
carbonate requires 100 parts of cold water for its solution, but less of boiling 
water). It is insoluble in alcohol. 

Hydric litliic tartrate is soluble. 

liitliic silicolluoride is almost insoluble. 

Separation of Lithium* — From potassium, as well as caesium and rubidium, 
it may be separated by means of PtCl4. From sodium, by converting the two 
alkalies into the chlorides, evaporating to diyness, and treating the dried chlo- 
rides in a stoppered bottle with a mixture oi ether and absolute alcohol. In the 
course of a few days the Lid will be found dissolved out, NaCl (like £G1) being 
insoluble in absolute alcohol and ether. 

R&marTc, — The student will now have no difliculty in construct- 
ing a table for the separation of these five metals. 

Extbaction oe Lithium ebok TsiPHTLLnrE. — ^Dissolve the powdered ore 
in HCl, with a little NO^Ho (in order to convert Fe^' into Fe^^), neutralize with 
AmHo, when P^OsFeaO^', and PsOsMno^'s, are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be removed by adding 
SBa, and filtering off the precipitated FOHoBaoa. On removing the excess of SBa, 
with a few drops of SO^Hos, and evaporating the filtrate, and driving off the 
ammonium salts by gende ignition, litnic chloride is left. The hydrate may be 
prepared from this by evaporation with sulphuric acid (so as to obtain SOglios), 
and addition of BaHo2, &^<^ filtering. The excess of BaHoj is next cautiously 
removed from the filtrate by means of SO2H02. On evaporation, white crystal- 
line, strongly alkaline, lithic hydrate, LiHo, is left. 



REACTIONS OF THE RABE METALS OF 

GROUP III. 

/- 
Gronp III comprises the Rare ^Metals Uranium, Indium (Thal- 
lium), Glucinum, Thobito, Zirconium, OEBiifSi, Lanthanum, Didt- 
MiuM, TiTANiuiff" Tantalum, Niobium, Yttrium, Erbium, and Vana- 
dium. 
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In conBidering the reactions by which these rare bodies may be 
recognized, we cannot do better than avail ourselves of the classifi- 
cation which nature itself has traced out in the groups of rare 
minerals in which they occur. As it is extremely difficult to com- 
mercially obtain any of their salts in a pure state, and as the price 
charged for them puts them out of the reach of most students, it 
will be preferable to sketch out briefly, also, how the minerals them- 
selves can be made to furnish the several salts, when once the 
mineralogical character and locality of the minerals have marked 
them out as likely to contain any rare metals. 

(A.) Bare metals precipitated hy the grov/p reagents AmCl, 
AmHo, and SAm2, in the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : — 

1. GLUCInrVIH (Beryllium) Gl" (or Be'O- Atomic weight, 9-4.— This metal 
occurs only in a few minerals, and is found, very locally, as a Silicate, in 
phenacite, SiGloj (45 per cent, of GhlO) , combined with aluminic silicate ; in 
herylj Sl506AL20^JGlo"3 (13'8 per cent, of GlO), and in amaragdite, in eudctse^ and 
some other rare minerals, such as leucophane. 

The metal is prepared, like the metal aluminium, from the chloride. It is 
white, and has a specific gravity of 2*1. It resembles aluminium in dissolving 
in HCl, as well as KHo, with evolution of hydrogen. Its oxide forms a white 
jpowder, insoluble in water. It may be prepared by fusing finely-powdered 
native silicate with 4 parts of its weight of lusion mixture, decomposing the 
mass with HCl, and evaporating to dryness, to separate the SiO^. From the 
HOI filtrate both the AI2O3 and G-lO are precipitated by means of AmHo. On 
boiling the precipitate, however, for some time with AmOl, NH3 is evolved, and 
glucinum is dissolved out as chloride, Gl'^Olj. The insoluble Al^Hog remains 
behind. Pure glucina can tben be precipitated from the filtrate bv means of 
AmHo, as gelatinous hydrate, GlHoj, which on ignition yields the wnite anhy- 
drous glucina, GlO, of specific gravity 3*08. 

From the oxide we can obtain the salts by dissolving in the respective acids, 
or by double decompositien, from one of its soluble salts. Glucina resembles 
alumina, inasmuch as it combines also both with acids and bases. Its salts lare 
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction. 

BEACTIONS IN THB DBY WAY. 

Glucinum compounds give no characteristio reactions in the dry way. 
N3O4O00'' yields a grey mass. 

BEACTIONS IN THB WET WAY. 

Ubb a SOLUTION OP Glucinic Sulphate, SO2GI0". 

The irroup reaffentt AmHo and SAmj, as well as the fixed caustic alkalies 
and alkaline earthy bases, precipitate fflucinic hydrate, GIH02 (flocculent), 
soluble, like AI3H06, in excess of the fixed alkalies, but not in ammonia. On 
boiling, GlHoj is almost completely repredpitated from a dilute NaHo or KHo 
solution. (Distinction pbom AlgOg.) L^e Al^Os, it is reprecipitated also on 
the addition of AmOl. 

COAmoa gives a white precipitate of fflncinic carbonate, COGlo'', freely 
soluble in excess, reprecipitated as basic carbonate on boiling. (Distinc- 
tion PBOM AIsOsO 
OONaoj, or COKoj, precipitates likewise white carbonate ^luble only in large 

excess of the precipitants. 
OOBao^' precipitates glucinum completely, even in the cold. 
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Beaides these characterifitic reaotions, we may mention the difficultly soluhle 
double SQlpliate SO Ko^^^' "*" ^^^' which the readily soluble glucmic sul- 
phate forms, when brought together with potassic sulphate. 

Sbpauation op AljOs pboh OlO.— Dissolve in HCl ; pour slowly, and with 
continued stirring, into a warm concentnited solution of 00Am02. A precipi- 
tate forms, consisting of AI3H08, the solution containing the glucinum as double 
carbonate. Neutralize with HOI ; boil and add AmHo. G^lHo2 is precipitated. 



2. zmCONIUH, Zr*^. Atomic weight, 89-6.~Found as Silicate, chiefly 
in the rare mineral zircon, SiZro^^. The silicate is not attacked by acids, and 
the finely elutriated substance must be decomposed by fusion At a high tempe- 
rature with fusion mixture. The mass is extracted with water, evaporated to 
dryness with HCl, in order to remove 8102, and to decompose the insoluble, 
sandy-looking disodic slrconate, ZrONaoj, and is then precipitated with 
ammonia. The metal itself has been obtained in white metallic looking scales, 
of specific gravity 4*1, by the decomposition of the double fluoride of potassium 
and zirconium, 2KFfZrF^ by means of metallic aluminiimi. The hydrate is a 
voluminous white body, resembling Al2Hog. It dries up to yellowish, trans- 
parent lumps, ZrHo4, which dissolve readily in acids. On ignition, this hprdrato 
loses its water, and undergoes a molecular change, when the dioxide, or ziroonio 
anhydride, ZrOj, is no longer soluble in dilute acids. 

zirconium salts, obtained by dissolving the hydrate in dilute acids, are 
colourless, and of an astringent taste. 

BBACTIONB IK THB DBY WAY. 

Of all the earthy oxides, ZrOs ^ ^^^ only one which remains entirely unalterect 
when submitted to the action of the oxyhydrogen blowpipe, and gives out the most 
iiitense and thp most fixed light. Moistened with 'NfiiCoof', and intensely 
heated, the ms^ becomes of a dirty Ylolet colour. With borax, Zr02 yields a 
colourless glaf which becomes slightly opaque when cold. 

BEACTIONS IN TH^ WET WAY. 

Use a sotuTiON of Zieconio Sulphate, Sa04Zro*^. 

The vroup reaseuts, SAma, or AmHo, produce a white Jlocculent precipitate 
of zirconlc hydrate, ZrHo4, insoluble in excess; insoluble also in NaHo 
or £Ho (Distinction psom A1 and G1). 

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AmOl (Distinction pbom G-1). 

OOAmos produces a white Jlocculent precipitate of a basic carbonate, 
readily soluble in excess, reprecipitated on boiling (Distinction pbom 

XLljm 

OOK02 and OONao2, same precipitate, redissolves in a large excess of OOK02, 
especially of OOHoEo (Distinction pbom A1). 

OOBao'^ gives no precipitate in the cold, and precipitates glucinum salts im- 
perfectly, even on boiling. 

Oxalic acid gives a hulkif precipitate of zlrconlc oxalate (Distinction 
PBOM Al AND Gl), insoluble in excess, difficultly soluble in HOI, soluble in 
excess of ammonic oxalate (Distinction pbom Th). 

HF produces no precipitate (Distinction pbom Th and Y). 

SSONao2 precipitates zlrconlc byposulpblte (SSO)2Zro^^ (Distinction 
PBOM Y, Er, AND Di). The separation takes place on boiling, even in the 
presence of 100 parts of water to one of ZscO^ (Distinction pbom Oe 
AND La). 

Ziroonic sulphates, S204Zro^^, forms vdth potassic sulphate an insoluble double 
BUlpbate of Zr and E, insoluble in excess of SO2K02 (Distinction pbom AI 
AND Gl). When precipitated cold, it dissolves readily in a large proportion of 

P 
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HCl, but is almost insoluble in water, and HOI, when the SOa£o2 is added to a 
hot solution (Distinction from Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of a zirco- 
nium salt, acquires a hroumish-red colour after drying in the water-bath (Dis- 
tinction FBOM Th). But titanic acid — the only other metal which affects 
turmeric paper under the same circumstances — colours the paper brown, and its 
presence may therefore prevent the zirconium from being recognized. If the TiOj 
be, however, first reduced, by means of zinc and HCl, to the state of sesqui- 
chloride —the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires great 
care, however, as, on exposure of the paper to air, the Ti^'gOa, passing again to 
the state of Ti^^O^, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. 

Certain chemical discrepancies in the behaviour of the zirconium compounds, 
but more especially the fact that the specific gravity of zircons from various 
locaUties difiers greatly, have led chemists to suspect that ZrOj really consists of 
a mixture of two or more closely allied oxides, Hke the metals of the yttrium and 
cerium group. No method has, however, as yet been devised for isolating any 
other oxide. 



3. THORIUM, Th^^. Atomic weight, 234. — Found in a few rare minerals 
only, viz., in thorite (pran^ite), consisting principally of a hydrated silicate 
(3SiTho*'^,40H2), in monacite a.nd pt/rochlor. 

Thorite is decomposed by moderately concentrated SO2H02, and also by con- 
centrated HCl. The oxide or anhydride, TI1O2, is white when cold, yellow when 
4iot. The moist hydrate dissolves readily in acids ; the dried hydrate only with 
difficulty. Thorium salts containing colourless acids are white. 

BBACTIONS in THE DBT WAT. 

Th.02, when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gives a colourless borax bead. It yields no characteristic 
reaction with N2O4C00''. 

BBACTIONS IN THE WET WAT. 

Use a solittion ov Thoeio Sulphate, S204Tho^^. 

SAm2, or AmHo (iri*oup reagents), precipitates the white gelatinous 

bydrate, ThOHo2, insoluble in excess. 
£Ho, or NaHo, same precipitate, insoluble in excess (Distinction fbom A1 

AND Gl). 
OOAmo2) COK02, or CONao2, precipitates white basic thorlc carbonate, 

readily soluble in an excess of the precipitants, difficultly soluble in 

dilute splutions (Distinction fbom A1). From a solution in OOAmo2 

thoric carbonate is reprecipitated, even at 50** C. 
OOBao'^ precipitates thorium salts completely in the cold. 
•xalic acid produces a white precipitate (Distinction fbok A1 and Gl), 

not soluble in excess nor in dilute mineral acids ; soluble in ammonic 

acetate, containing free acetic acid (Distinction fbom Y and Ce). 

HF precipitates gelatinous thorlc tetrafliiorlde, ThP4, which becomes 
pulverulent after some time ; the precipitate is insoluble in water, and in HF 
(Distinction from A1, Gl, Zr, and Ti02). 

* SSONao2 precipitates thorlc hypo§ulphlte, (SSO)2Tho*^, mixed with sul- 
phur, from neutral or acid solutions. The precipitation is not complete (Dis- 
tinction FBOM Y, Er, AND Di). 

A boiling concentrated solution of SO2K02 precipitates slowly, but completely, 
the whole of the thorium sulphate as white crystalline insoluble potasslo- 
thoric sulphate (S03)4E:o4Tho^'' + 2OH2 (Distinction fbom AI and Gl), 
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soluble with, diffioulty in cold, and also in hot water, readily on the addition of 
some HCL 



4. YTTRIUM, Y". Atomic weight, 61-7; and 6, ERBIUM, Er". 'Atomic 
weight, 112*6. — ^These verj rare elements are only found in a few minerals, in 
ytterbyte, or ffadolinite, orthite,yttrotantalite, etc. The metals have never been 
obtained pure. Yttrium and erbiimi always occur together in nature, and closely 
resemble the metals of the cerite group. They differ from most other earths in 
being completely soluble in acids, even after ignition, and from the cerite oxides, 
by not forming an insoluble double sulphate with potassic sulphate. In other 
respects the two exhibit almost the same behaviour with reagents, and can only 
be approximately separated from each other. The colour of the yttrium salts is 
white. Erbium salts have a more or less bright rose tint, crystallise readily, and 
possess a sweet astringent taste. Anhydrous YCI2 is not volatile (Distinction 
FBOIC Al, Gl, AND Zr). 

BBACTIONS IN THB DBY WAT. 

No peculiar reaction with borax, no colour to the flame, and a vreytali blue 
coloured mass with 19'2O40oo''. 

REACTIONS IN THB WET WAY. 

Use solutions oe the Nitrates, Na04Yo", and N204Ero", and test them 
side by side. 

SAmj, or AmHo (vroup reagents) precipitates the hydrates, insoluble 
in excess. Large excess of SAm^ somewhat prevents the precipitation 
of yttric hydrate. 

£Ho, or NaHo, precipitates white hydrates, Y'Hoj, or ErHos, insoluble in 
excess (distinction pbok Al and Gl). The precipitation of yttrium 

by alkaline hydrates is not prevented by the presence of TH03 (dis- 
tinction FBOM Al, GH, Th^AND Zr), yttrium being slowly but completely 

precipitated as tartrate, TYo'^ 
OOK03, and OONaos precipitate white earhonates, difficultly soluble in 
excess, more readily soluble in OOHoKo, and in OOAmoa (but not so 
readily as OOGHo"). On boiling the whole of the yttria is deposited 
(distinction ov Y 7B0H Al, Gl, Th, Ce, and Di). AmCl decomposes 
OOYo'^ with evolution of KHs ^^^ ^^2> &nd formation of TCI3. Satu- 
rated solutions of OOYo'^ in COAmos, have a tendency to deposit the 

double carbonate, nOAmo^^ '* 

OOBao^' produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but imperfectly pirecipitated on heating. 
• ^Distinction of Er and Y fbom Al, Gl, Th, Ce, Ija, Di). 
Oxalie Acid produces a precipitate of white yttric oxalate, 

|^9Yo",OH3. (Distinction op Y pbom Al and Gl), insoluble in 

excess, difficultly soluble in dilute HOI, and partially dissolved by boiling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate, 

-j ?^Ero",OH2, in the form of a light rose-coUmredf heavy sandy powder. 

HE precipitates white amorphous hydrated yttric fluoride, insoluble 
in water and HE ; soluble, before ignition, in mineral acids ; decom- 
posed only by strong SO3H02. (Distinction op Y pbom Al, Gl, Zr, 
AND Ti.) 

A cold saturated solution of SO3Y0'' becomes turbid between 30°--4iO^ 0., and 
on boiling, is precipitated almost entirely. 

SOaEro'' forms with SO^Eoa, potassio-erhie sulphate, SsO^EojEro^ 

P 2 . 
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difficultly soluble in oold water, when hjdrated, but readily soluble in the 
anhydrous condition, and on warming. 

Potassie yttric sulphate, S304£o2Yo'^, dissolves readily in water, and in 
a solution of SO^Eoj (distinction ov Y and Er VSOM Th, Zr, and thb Mbtals 

OF THB CeRITB GbOUP). 

When erbium nitrate is heated on a platinum wire in a eas flame, it imparts 
an intense greenish colour to the flame, which when seen through the spectro- 
scope shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide with 
certain black, so-called absorption bands, which erbium gives when white light 
is passed through a concentrated solution of its salts. These absorption-bands 
are characteristic for erbium, as yttrium solutions show none, under like circum- 
stances. 

Sefabation op Y pboh Er. — The different solubility of the nitrates of 
erbium and yttrium in water has been made available for the separation of these 
two closely allied metals. On heating a mixture of their nitrates to incipient 
decomposition, and dissolving the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbic nitrate, N308(Er02)"Ero", whilst the 
mother-liquor contains chiefly yttric nitrate. By repeating this same process of 
separation several times over, the earths may be obtained pure by finally igniting 
the nitrates. 



6. CERIUHT, Ce'' and ^^ Atomic weight, 92. 7. LANTHANUM, La''. 
Atomic weight, 92*8. 8. DIDYHTIUM, Di^ Atomic weight, 96. These three 
rare metals constitute, like yttrium and erbium, a group which may conveniently 
be studied together. The most abundant of the few cerium minerals is cerite,9k 
hydrated silicatb of the three metals Oe, La, and Bi, as well as of iron «^d 
calcium, Si[Ceo"Lao"I)io"Feo"Cao"]2. The finely-powdered mineral is readily 
and completely decomposed by boiling with concentrated HCl, or aqua regia ; or 
by fusion with fusion mixture ; or lastly, by boiling with concentrated SO2H03. 

CERIUIff. — This metal exists both in the dyad, pseudo-triad, and tetrad con- 
dition. Thus it forms the several oxides : — 

Ce"0 'Ce'^aOs Ce*^Oa and 06304 = CeO,Ce503. 

Cerous oxide. Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide). dioxide. triceric tetroxide. 

Cerous and ceric oxide are both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. They 
are colourless, or slightly amethyst-red, and acid to litmus. Cerous chloride is 
not volatile (Distinction fbom A1, Gl^l, and Zr). Cerous sulphate is not entirely 
soluble in boiling water. 

BEACTIONS in THB DBY WAT. 

All ce^rium compounds give with borax, or microcosmic salt, in the outer 
flame, a clear bead which is dark red while hot (DtSTiNCTlON pbom thb pbb- 
OBDiNa EABTHs), fainter or nearly colourleM on cooling. In the inner flame, a 
colourless bead, or if ceric oxide is present, a yellow opaque bead is obtained. 
Lanthanum compoimds give colourless beads, and didymium compounds give 
with borax colourless, or, if in large quantity, pale rose-coloured beads, in £)th 
flames, and with microcosmic salt, in the reducing flame, an amethyst-red bead, 
inclining to violet. 

BEAOTIONS IN THB WBT WAT. 

A. CBROUS COMPOUNDS. — We employ A solution of Cebovs Chlo- 
SIDB, Ge''0l2. 
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SAms (sroup reatrcnt) throws down the white cerous hydrate, OeHo^, 
insoluble in excess. 

AmHo precipitates a basic salt, insoluble in excess ; the presence of TH03 
prevents the precipitation by AmHo (Distinction pbom Y), but not by 
KHo. 

£Ho, or NaHo, precipitates white cerons hydrate, insoluble in excess, which 
turns yellow on exposure to the air, or when acted upon by oxidising 
agents, such as chlorine water, sodic hypochlorite, &c., being conyerted 
into the yellow hydrated cerdso-ceric oxide, 06364,3 OH2 (Distinction 
fbomAI and Q-1). 

00£o3, OONaoj, or OOAmo^, produces a white precipitate of cerous car* 
bonate, OOCeo'', sparingly soluble in excess of the fixed carbonates, 
somewhat more soluble in OOAmo^ ; insoluble in water and OO2 ; decom- 
posed by dilute acids. 

OOBao'' precipitates cerium salts slowly, but completely on standing. 

Oxalic Acid, or Ammoiilc oxalate, precipitates cerium compounds com- 
pletely, even from moderately acid solutions, as a curdy white precipitate (turn- 

r CO 

ing slowly crystalline) of cerous oxalate, < qqOoo^^ insoluble in excess of the 

precipitants (distinction fbom Zr), but soluble in a large excess of HGl. On 
ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, 06304 (Dis- 
tinction PBOM Al AND Q-1, which form soluble oxalates). 

A saturated solution of potassic sulphate produces a white crystalline preci- 
pitate of potassio-cerous-sulphate, S204Ko2Ceo'', even from somewbat acid 
solutions (Distinction peom Al and Q-1) ; difficultly soluble in cold water, 
readily soluble on heating ; quite insoluble in a saturated solution of SO2K03 
(Distinction psom Y and Er) ; soluble in much dilute HCl. With dilute 
solutions the precipitate takes some time to form. 

This characteristic precipitate, as well as the easily distinguishable oxalate, 
and the yellow precipitate of ceroso-ceric oxide — ^free from La and Di, precipitable 
in the filtrate as oxalates — which oxidizing agents produce, serve to distinguish 
cerium from all other metals. 

Sepabation op Ce peom La, and Di. — A convenient method of oxidizing 
and separating cerous salts consists, according to Gibbs, in treating with PbOj 
and dilute NO2H0 (analogous to the oxidation of manganous to a higher oxide), 
when the solution turns yellow, even if only small quantities of cerium be present. 
By evaporating the yellowish solution to dryness and heating sufficiently to drive 
off part of the NO^Ho, so as to form a basic eerie nitrate, insoluble in water or 
dilute NO2H0, lanthanum and didymium can be dissolved out as nitrates. After 
removing the plumbic nitrate from the solution by SH3, the La and Di are pre- 
cipitated as oxalates. The residuary basic eerie nitrate is dissolved in fuming 
NO2H0, any lead removed by SH2, and the cerium precipitated as oxalate. 

B. CERIC COMPOUNDS.— Salts of 'Oe'^'sOs, such as the sulphate, 
oxalate, etc., are yellow, and are either difficultly soluble, or insoluble, in water 
Dyad cerium appears, in fact, to give rise to more stable compounds : thus 
06203, when heated with HCl does not form GejOle, but yields 20eCl2 + CI2. 

Oxidizing agents, such as CI passed into a solution of KHo, containing 
CeHo2 in suspension, sodic hypochlorite, Pb02 and 19'02Ho, HgrO and potassic 
permanganate, convert cerous into eerie compounds, and furnish methods for 
the separation of Ce from La and Di. Reducing agents produce the reverse 
chemical action. Cerium resembles in this respect iron rather than aluminium. 

liANTHANUH. — This metal forms only proto-salts, which are colourless, 
when free from didymium salts, and possess a sweet astringent taste. Lanthanic 
oxide is white and is not altered, even by strong ignition (distinction pbom 
Ce), being still readily soluble in acids. Both the oxide and the hydrate turn 
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red litmus paper blue. It decomposes ammonium salts, in solution, on boiline 
with evolution of NH3. Lanthanum resembles in this respect magnesium. A 
solution, saturated in the cold, of lanthanic sulphate deposits a portion of the 
salt already at 80^ C. (distinction pboh Ce"). In its reactions lanthaniun 
doselj resembles cerium. 

BEAOTIONS IN THE WET WAY. 

Use a SOLUTION op Lanthanic Chlobide, La'Cls. 

SAm2, or AmHo, precipitates basic salts which pass milky through the filter, 

on washing. 
KHo, i)r NaHo, precipitates lanthanic hydrate, ItaHoj, insoluble in excess, 

imalterable in the air, or in the presence of oxidizing agents (distinction 

PBOM Ce). 
COAmo^ gives a precipitate which is insoluble in an exeess of the precipitant 

(distinction fbom Ce). 
COKos, or CONaos, COBao'', oxalic add, or potasftic sulphate, give 

the same precipitates as with cerium salts. 

When the slimy precipitate which a cold dilute solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few small crystals of iodine added to it, a blue coloration is produced 
which gradually pervades the entire mixture {chatracteristic for La comj^oundg 
only). 



D1DT9I1I7BI. — This metal forms likewise only proto-salts, coloured a pure 
pink, like the sulphate, or rose-red ; sometimes a faint violet, like the nitrate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Di^^02 is doubtful) . In contact with water it is slowly con- 
verted into the hydrate, without acquirirg an alkaline reaction. It rapidly 
attracts CO2, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiCls, is not vola- 
tile. The nitrate, on heatiilg, is converted into a basic salt, K20(Di02)''8^io'' 
+ 5Aq (Distinction fbom La), which is grey when hot and also when cold 
(Distinction FBOM Er). A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 53° C. until at 100° C, one part of the salt 
only is held in solution by 50 parts of water (Method of sefabation of La 
FBOM Di). Didymium salts resemble in their chemical deportment lanthanum 
and cerium salts. 

BEACTIONS IN THE WET WAT, 

We may employ A solution of the Chlobide, Di"Cl2, or Sulphate, 
SOjDio". 

SAm2, or AmHo (in:>onp reagents), precipitates basic salt, insoluble in 
AmHo, but slightly soluble in AmCl, with displacement of NHg. 

KHo, or NaHo, precipitates gelatinous dldymlc hydrate, DiHo2, resembling 
Al2noe, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

OOE02, CONaog, or COAmo2, produces a copious precipitate of dldymlc car- 
bonate, OODio'', insoluble in excess of the precipitants (Distinction 
FBOM Ce), but slightly soluble in a concentrated solution of AmCl. 

COBao" precipitates didymium compoimds slowly (more slowly than Ce or 
La), and never completely. 

Oxalic add precipitates didymium salts, M QQDio'' + 4AqY almost com- 
pletely, amnionic oxalate completely. The precipitate is difficultly soluble 
in cold HCl, but dissolves on heating. 

A concentrated solution of SO2K02, or better still, S02Nao2, precipitates didy- 
mium solutions more slowly and less completely than cerous solutions, as a roM- 
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white potasslo-iUilyiiilc 8nlplaa1;e,S304Eo3Dio'' + Aq, slightly soluble in water, 
less soluble in an excess of the reagent, diificultlj soluble in hot HCL 

When a raj of white light is sent through a didjinium solution, and examined 
by the spectroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well-defined narrower bands in yarious 
other parts of the spectrum. 

Remark. — ^In order to master still more completely the reactions for the 
8 earthy metals already treated of, the student should tabulate them according 
to the scheme given on page 49, when the slight differences which exist between 
many of their reactions, and which often furnish the only means for their separa- 
tion, are brought out still more prominently. 

9. TITATflUBf, Ti" and *^. Atomic weight 50. — ^This, as well as the two next 
following metals (usually treated of in Group III, because they are precipitated 
by the group reagents, AmCl, AmHo, and SAmg), differ entirely from the pre- 
viously treated metals. Their anhydrides, Ti^^Oa, Ta^jOs, and Nh'^'aOs, are 
essentially acids, analogous to SiOj, SnO^, Sb^Os, etc., and are found in nature 
either in the uncombined state (TiOg), or combined with various metallic bases, 
as TiTANATES, Tantalatbs, and Niobates. 

Titanium is found as Anhydbise (almost pure), in the minerals Rutile, 
Anatase, and Brookite; combined with bases, chiefly hme, in TStanitey TiOOao'', 
in titamferous iron, n(Fe208)) m(TiORo''), and is found in small quantities in 
many iron ores, in fire-clays, and generally in SiliccUes. (Hence its occurrence in 
blast-furnace slags, as Nitride, TiCy^jSTiaNs, in bHght copper-coloured crystals). 

Titanium forms several oxides, of which two are known with certainty, and 
one whose existence is probable, viz. : — 



Ti"0 


'Ti^Oa 


M^Og. 


Titanous oxide 


Titanic oxide 


Titanic anhydride. 


(probable). 


(sesquioxide). 





The last oxide, acting as a weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which is of sufficient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile is 
fused with 3 parts of OOK02, the fused mass powdered and treated with cold 
water, which removes SiOg and alkaline silicates, and leaves insoluble pota8§le 
titanate, TiOKoj, together with ferric oxide. This is washed by decantation 
or on a filter, with cold water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling,/or some time, the whole of the 
titanium is precipitated as meta-titanle liydrate, Ti^^OHos (^e being held 
in solution by the acid), which differs from (ortho) titanic acid in being quite 
insoluble in all acids, except strong sulphuric acid, whilst titanic hydrate (ob- 
tained by precipitation with alkalie^, of exactly the same composition, is readily 
soluble even in dilute SOgHoj, or HCl. The precipitat-ed meta-titanic acid u 
usually tinged yeUow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off, to wash with a solution of AmCl, and redissolye 
the precipitate in strong SO3H02. After dilution with water, it is reprecipi- 
tated once more by long-continued boilinfff and is then all but free from iron. 
(Method of sepabation fboh A1, Q-1, Y, akd Th.) 

Another method consists in fusing the titanium compound with 6 times its 
weight of SO.2H0K6, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SO^Hog, from which meta-titanic acid is pre- 
cipitated as above. SiOj, if present, is not attacked by SO^HoKo, and remains 
in the insoluble residue. 

Pure TiOs may also be obtained by fusion with acid potassio fluoride, and 
dissolving the fused mass in dilute HCl. Potassle titanic fluoride, 2KF,TiFi, 
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which is difficultly soluble in water (I part requires 96 parts at 14** C), is col- 
lected on a filter and washed with cold water, and purified by recrjstallisation 
from boiling water. Its aqueous solution, when precipitated with AmHo, yields 
titanic hydrate, which on ignition is converted with incandescence into pure 
titanic anliyilride — white, when only feebly ignited, tfellowish or brownish^ 
when intensely ignited. 

SiOs, or silicates, containing traces of TiO^, may be decomposed with HF. 
SO3H02 must likewise be added in order to preyent a portion of the 
titanium from being volatilized with the SiF4. 

BEACTIONS IN THE DET WAY. 

Titanium compounds, when heated on charcoal, before the blowpipe, are not 
reduced to the metallic state (distinction tbom In). Heated in a borax bead 
(on charcoal), or better still, in a bead of microcosmic salt, pure Ti02,ora 
iitanate, containing bases which do not themselves colour the borax bead, yields, 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes .^a Tiolet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some S02Feo" be added, 
the bead obtained in the inner flame, becomes 1»lood-red. 

BEACTIONS IN THE WET WAT. 

Use a solution of Titanic acid, in HCl. 

SAm2) AmHo, KHo, or NaHo, alkaline carbonates, as well as OOBao'', pro- 
duce a bttlkif white precipitate of (ortho) titanic hydrate, Ti^^'OHos, 
which is insoluble in an excess of the precipitants. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
HCl, or in dilute SOjHoa. Washing with hot water conrerts it into 

insoluble meta-tltanic hydrate. The presence of TH02 prevents the 
precipitation. (Iron, as well as Mn, Ni, Co, Zn, and U, which are pre- 
cipitated by SAms, in the presence of TH03 and AmHo, may thus be 
separated from TiOj.) 

K4FeCy6 produces a dark-brown precipitate. 

Infusion of yalls, a brownish precipitate, which speedily turns orange- 
red. 

POHoNaos throws down the titanic acid almost completely from an acid 
solution as a white gelatinous phosphate, which when washed and dried 
leaves a basic salt, 2Ti02,P205, or P30(Ti04)»^Tio»^. 

Metallic tin, or zinc, immersed in a HCl solution of Ti02, evolves hydrogen 
and reduces the Ti*^02 ^ 'Ti"'208, which gives rise to a pale violet or blue colora- 
tion and finally throws down a dark violet 'preci^ita.te,yvhich. is rapidly reoxidized 
to white Ti02, with decomposition of the water, or when exposed to the air. 
This reaction frequently indicates the presence of Ti02, in the analysis of iron 
ores, during the process of reduction with zinc, previous to the estimation of 
iron by potassio permanganate. 



10. TAKTALUM, Ta^. Atomic weight, 182. 11. NIOBIUM, Nb^. 
Atomic weight, 94. — This group of metals occurs only in a few minerals, found, 
as yet, in a few localities, and, then only, in small quantities. The difficulty of 
detecting mere traces of them may account for their having been overlooked in 
others, in which they have since been found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, such as in 
tantalitei Bind in niobite (columbite). They are heta- compounds and may be 
expressed by the general formula :—m(Ta02)2reo" + n (1^)02)2^00". In 
yttrotantalite — the OBTHO-compound — of the formula : — Ta202(irb202)Ro"8» R" 
stands for Y"[Er'', Ce", U", Fe", Ca"] and in euxouite, woehlerite, and pyro- 
chlor, the metal niobium occurs as a PYBO-niobate, combined with fluorides, viz., 

SfNtoaOgRo^'i), 5(NaK)F. 
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Tantalum and niobium vdst chiefly in the pentad condition, as is evidenced 
by the composition of theit oxides (anhydrides) , chlorides, fluorides, etc., etc., 
viz. : — .- »■» 

Tantalio anhydride, Ta^iOj. Chloride, Ta'Clj. Fluoride, Ta^Fj. 
Niobic „ Nb'aOfi. „ Nb^Clj. „ Nb^F^. 

A lower oxide, 'Ta^^304, and sulphide, 'Ta*^3S4,'1are said to exist. In tantalates, 
and niobates, the acids closely resemble arsenic, or phosphoric acid ; they can 
exist as meta- Ta^(Nb^)02Ho, pyro- Ta^2(Nto^j)08Ho4, orortho-Ta^(Nb^)OHo3 
tantalic (niobic) acid. 

TANTALIG and KIOBIG ANHYDRIDES are prepared from tanta- 
litee, or niobites, bv fusing the finely powdered mineral with 3 parts of SOsHoSIo. 
The fused mass is extracted with water, whereby the bases are principally 
removed as sulphates. The residuary TajOs, and NbsOf, are washed and fused 
once more with hydric potassic sulphate, etc. The residue after having been 
well washed is dissolved in HP, and a boiling solution of HF,£F gradually 
added to it. The liquid, on cooling, or on concentration, yields difficultly soluble 
pota«8ie flao-tantalate, 2KF,TaF5 (soluble in about 150 — 200 parts of water 
only), whilst the mother-liquors contain potassic flno-oxynloliate, 2KF, 
NbOF3, OHj which is soluble in 12*4 to 13 parts of water (Distinction also from 
titanium which forms KF, TiF4, soluble in ^ parts of water). These two salts 
may be purified by recrystallisation ; and on decomposing them, by heating with 
SO2H02, tantalic and niobic sulphates, and potassic sulphate, are left ; this latter 
can be boiled out with water. When SO2H03 is expelled from the insoluble 
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of 
ammonic carbonate, TajOg, or NbaO^, is left. 



TANTALUM. — ^The anhydride is a white powder. When strongly ignited 
it turns pale yellow, without emitting any light, and becomes insoluble in HCl, 
or strong SO2H02. (Distinction fbom TiOj.) 

Fused with KHo, it is rendered soluble in water ; fused with NaHo, it 
forms chiefly sodic nieta*taiitalate, TaO^Nao, insoluble in excess of NaHo, 
but soluble in water. When a solution of soda is added to this solution, sodio 
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con- 
centrated solution of which KF precipitates the fine, needle shaped^ potassic 
lluo-tantalate. By prolonged boiling with water, this soluble salt changes to 
Un insoluble compound, Ta30f,2KF,TaF5, the formation of which affbr& the 
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, con- 
taining potassic fluo-oxyniobate. 

BEACTIONS IK THE DBT WAY. 

Microcosmio salt dissolves TasO^ to a colourless bead in both flames, and 
does not acquire a blood-red tint by the addition of ferrous sulphate (Distinc- 
tion FBOM TiOs). 

BBACTIONS IN THB WET WAT. 

Use a SOLUTION op TaOjKo in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by acids. 

HCl precipitates Ta205, at flrst, then redissolves it in excess. 

00] passed through a solution of an alkaline tantalate, precipitates acid, or 

anhydro-tantalatc. 
AmHo, or SAmj, precipitates from a HCl solution tantalic bydratc* or an 

acid ammonic tantalate ; TH02 prevents the precipitation. 
AmCl, or SO^Amo^, precipitates tantalic hydrate, TaOjHo. 
K4FeCye gives from acidified solutions, a yellowish-white precipitate, which 
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turns brown by the addition of a few drops of AmHo, and is soluble in 
larger quantities. 
KfiFeaCyia, a yellow precipitate. 

Infusion of iralls, added to an acidified (SO3H02 or HCl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HCl does not reduce TaaOs, and no blue colouration (or 
only a very faint one) is observed (distinction fbom "STb^O^. 



NIOBIUX. — ^Niobic anhydride, Nb20g, is white, but turns transiently 
yellow, when ignited. By strong ignition in hydrogen, it is converted into 
'Nb^^j04. Like tantalic anhydride, it combines both with bases and acids. Con- 
centrated sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(distinction i'bom TaaOfi). 

On fusing with caustic potash, a clear mass consisting chiefly of potassio 
metaniobate, NbO^Ko, is obtained, which is readily soluble in water, but is pre- 
cipitated as sodic salt, on the addition of NaHo. Sodic meta-niobate, obtained 
by fusion with caustic soda, behaves like the corresponding meta-tantalate. 

BEA.CTIONS IN THE DBY WAT. 

Microcosmic salt dissolves Nb^Og readily ; in the outer flame, a bead, colour- 
less whilst hot, is obtained; in the inner flame the bead acquires a ylolety 
blue, or brown colour, according to the quantity of the acid present, and a red 
colour, when a little ferrous sulphate is dissolved in it. 

eeaotions in the wet wat, 

Use an aqueous solution of Potassic Niobatb. 

The niobates of the alkalies are soluble in water, all others are insoluble, and 
are decomposed by acids. 

Mineral acids, especially sulptanrle acid, even at the ordinary tempera- 
ture, precipitate nloblc hydrate, nearly insoluble in the acid. {The 
precipitation of tantalic hydrate requires the aid of heat.) 

•xallc acid does not affect alkaline niobates. 

SAmj, or AmHo, precipitates from acidified solutions of KbsOs ihe hydrate^ 
containing ammonia, soluble in hydrofluoric acid. 

AmCl precipitates the acid, but only slowly and incompletely, more especially 
if in the presence of alkaline carbonates. 

£4FeCy6 gires, with a solution of an alkaline niobate which has been acidu- 
lated with sulphuric or hydrochloric acid, a red precipitate. 

"K^e^Cyi^t a bright yellow precipitate. 

Infusion of Cralls, an orange-red precipitate. 

A piece of zinc immersed in an acidulated solution, forms a beautiful blue 
precipitate, which after a time changes to brown. {Tantalates yield none or only 
a faint blue colour). 



(B.) Bare Metals, precipitated by the Group reagents, AmGl, AmHo 

amd BAnii, in the form of Sulphides. 

1. URANHJIM, W and pseudo-triad. Atomic weight, 120. — ^Uranium is not 
a very abundant metal ; it is found principally in pitch-blende, which contains 
from 40 to 90 per cent, of uranoso-uranic oxide, TJ8O4 ; in wanium-ochre, or 
SULPHATE ; and in uranite or uranium mica, which is a calcic (cupric) uranic 
PHOSPHATE. In small quantities it exists in several rare materials, such as 
euxenite, yttrotantalite, &c. 

Uranium is almost always obtained from pitch-blende. The XT8O4, therein, 
is associated with sulphur, arsenic, lead, iron, and several other metals. The 
mineral is finely powdered, freed by elutriation from the lighter earthy impuri- 
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ties, roasted for a short time to remove part of the sidphur and arsenic, then 
dissolved in nitric acid, and the solution evaporated to dryness. The residue is 
exhausted with water, and the solution filtered from a brick-red residue of ferric 
oxide, ferric arseniate and plumbic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the nitrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised once more from 
boiling water, they consist of pure uranylie nitrate, K304(U202)o'')60H2 ; 
in which (^'',303)'' or uranyl acts as a compound dyad radical, analogous to the 
monad compound radicals antimonyl, (Sb'"0)', bismuthyl (Bi'"0)', &c. 

Uranium exists as a dyad and pseudo-triad metal. It forms with oiygen 
two salifiable oxides, together with two intermediate oxides, thus : — 

Intermediate oxides. 

/ * N 

1X304, or ■U'406, or 

'^'"aO&TJ'^O (dark green.) 'U'"308,2XT"0 (black.) 

TJranylic chloride. Pentachloride. 

(TJ202)"Cl3 TJaClfi 

XJranyUc sidphate. 
S0203(U202)", or S02(U202)0" 



Uranous 


Uranic oxide or 


oxide. 


uranylic oxide. 


r 

TJ"0 


\ f '^ ^ 
'XJ'"203, or 




(U302)"0 




Uranous chloride. 




TJCls 




Uranous sulphate. 




SO2O2U, or SO2U0" 



Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positive metals to form acid uranates, of 

r(TJ202)"Ro 
the general formula < O •t-xOH2, analogous to dichromates,disulphates, 

L (U202)"Ro 
etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diuranate {uranium yellow) is much used as a pigment in glass and porcelain 
manufactures. 

BBAOTIONS IN THE DET WAY. 

Borax and microcosmic salt give with uranium compounds, in the inner 
flame of the blowpipe, irreen beads, in the outer flame yellow beads, which 
acquire a yellowish grrc^n tint on cooling. The oxides of uranium are not 
reduced by fusion with C0Na02 on charcoal. 

REACTIONS IN THE WET WAT. 

(A.) URANOUS COMPOUNDS.— Use a solution of Ubanous Sul- 
phate, SO2U0". (Prepared by dissolving uranoso-uranio oxide in hot oil of 
vitriol, diluting with water and evaporating in vacuo.) 

Uranous salts constitute powerful redAncing agents. They are green, or 
greenish white, and yield green aqueous solutions. 

SAm2 forms a hlacJc precipitate of uranous sulphide, TT^'S. 
AmHo,EHo, or NaHo, throws down red-hrown gelatinous uranous hydrate, 

U^Hog. 
OOK02, OONao2, or OOAmo2) precipitates green uranous hydrate, soluble 

in excess, especially in excess of GOAmo2. 

Uranous salts become oxidized to uranic salts by exposure to air, or by treat- 
ment with nitric acid, etc. Gl-old and silver salts are speedily reduced by them, 
and ferric salts are reduced to ferrous salts. 

B. URANIC COMPOUNDS. USE A SOLUTION OF UbANIO KiTBATB, 
N304(U202)0". 

Uranic salts are yellow, they are mostly soluble in water, and are reduced to 
uranous salts by SH2 and by alcohol, or ether, in sunlight. 

SAm2 produces in the cold a chocolate brown precipitate of uranylle sul- 
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phltfe, containing also ammonic sulphide and water. It is insoluble in 
yellow ammonic sulphide. On warming or boiling the liquid which con- 
tains the uranjlic sulphide, (X''202)S, suspended in it, the precipitate 
splits up into sulphur and black nranous oxide, U'^O, which is insoluble 
in excess of SAm^. Uranylic sulphide dissolves readily in neutral ammo- 
nic carbonate. [Method of bbpabation of U fbom Zn, Mn, and Fe.] 

AmHo, £Ho, or NaHo, produces a yellow precipitate, consisting of aclil 
nranate of the alkali metal ; insoluble in excess of the precipitant ; not 
precipitated in the presence of tartaric acid. 

COlCoj, C0Na02, or COAmo^, gives a light yellow precipitate, consisting (in 
the case of potassic carbonate), of potasslo-nranic carbonate ; readily 
soluble in an excess of the precipitant. By treating tlie liquid with 
dilute sulphuric acid, as long as efferrescence takes place, an acid uranate 
is precipitated. [Method of sefabation of U fbom A1 and Fe*^.] 

COBao* completely precipitates a solution of a luranic salt, even in the cold. 
[Separation of U'" from Ni'\ Co", Mn'\ F^\ and ZnJ] 

K^VtCy^ produces a reddish-brown precipitate. (Most delicate special 
reaction.) 

K^Fe^Oyis produces no change. 

Metallic zinc does not precipitate metallio luranium from its solutions. 

2. THALLIUM, Tr and '''. Atomic weight, 204.— This metal was dis- 
covered by Crookes in 1861. It occurs in many kinds of copper and iron 
pyrites, but invariably in very minute quantities ; also in many kinds of crude 
pulphur, in some of the deposits from the flues leading from the pyrites furnaces 
to the lead chambers of sulphuric acid works, and in the deposits in the 
cliambers themselves. It has, moreover, been found in lepidolite, in prepara- 
tions of cadmium and bismuth, in ores of zinc, mercury, and antimony, in the 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted from thalliferous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been driven 
off, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the SH3 group are pre- 
cipitated. On now introducing plates of zinc into the dUute acid filtrate, 
spongy metalUc thallium is precipitated, which can be readily removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved under 
water. 

The salts may be prepared by dissolving the metal in the respective acids, or 
by the double decomposition of soluble thallium salts. 

Thallium forms two series of compounds : — ^thallious and thallic. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have: — 

Thallious oxide .... OTI3 Thallic oxide .... TVOj 

ThaUious chloride . . TlOl Thallic chloride . . Tl'^Olg, etc., 

together with several intermediate compounds. 

In some of its chemical relations thallium differs from all other metals. In 
many respects it resembles the alkali metals, as, for instance, in forming the 
readily soluble and highly alkaline thallious oxide and carbonate, an insoluble 
double platinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In most 
other respects, however, it is more nearly allied to the heavy metals, especially 
to lead, which it resembles closely in appearance, density, melting-point, specific 
heat, and electric conductivity. 

eeaction in the dey way. 
ThaUiiun compounds impart an intense ffreen colour to the blowpipe flame. 
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The spectrum of thallium shows only one emerald ffreen line, Tla, and hence 
its name from OaXXo^ , green. 

BE ACTIONS IN THE WET WAT. 

A. THALLIttlJS COMPOUNDS.— We employ A solution oethallious 

BTTLPHATE, SO3TI03. 

Thallious salts are for the most part colourless and soluble in water, such as the 
nitrate, sulphate, phosphate, tartrate, and acetate. Some are difficultly soluble, 
e.g.^ the carbonate and chloride, and a few are almost insoluble, e.g.^ the iodide. 
They react neutral to test-paper, and possess a slight metallic taste. Thallious 
oxide, OTI3, is colourless and fusible ; it dissolves in water, the solution is colour- 
less, alkaline, caustic, and absorbs carbonic anhydride from the air. It also dis- 
solves in alcohol. 

Thallious salts are difficultly converted into thallic salts ; powerful oxidising 
agents, such as nitric acid, are without effect on them. They require boiling and 
evaporating with aqua regia to convert them into the higher salts. 

SHs does not precipitate strongly acidified thallious solutions unless A83O3 
be present, when a part of the thallium is carried down with the arse- 
nious sulphide, as a brownish red precipitate. Neutral or very slightly 
acidified solutions are incompletely precipitated by SHj. From acetic 
acid solutions the whole of the thallium is thrown down as hlacJe tbal- 
lious sniplilde, STI3. 

SAmj (nrroop reagent) precipitates the whole of the thallium as tballlons 
SQlptaide, insoluble in ammonia, alkaline sulphides, or potassic cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but diffi- 
cultly soluble in acetic acid. When exposed to air, thallious sulphide is 
rapidly converted to thallious sulphate. On heating it fuses and volati- 
lizes. 

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious 
salts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
OOTI03 being soluble in 20 part« of water. 

HGl, or a soluble chloride (bromide), throws down white thallious ehlo- 
rlde, TlGl ; the precipitate subsides readily, and is unalterable in the air. 
It is very slightly soluole in boiling water, and still less so in hydrochloric 
acid. 

KI precipitates, even from the most dilute thallious solutions, light yellow 
thallious Iodide, TU, which is almost entirely insoluble in water, but 
somewhat more soluble in a solution of potassic iodide. This constitutes 
the most delicate reaction for thallious salts, 

CrOsKoj precipitates gellow thallious chromate, CrOsTloj, insoluble in 
cold nitric or sulphuric acid. 

FtCl4 precipitates difficultly soluble, ^a^^ orange coloured thallious platlnle 
ehlorlde, 2TlCl,PtCl4. 

Zinc precipitates metallic thallium. 

B. THALLIC GOMPttlJNDflf.—We employ a solution op Thallio 
Chloeidb, Tr'Olj. 

Thallic salts are easily distinguished from thallious salts by their behaviour 
with caustic and carbonated alkiuies, which precipitate brown gelatinous thallle 
hydrate, Tl'^'OHo, insoluble in excess. 

Thallic oxide is scarcely acted on by concentrated sulphuric acid in the cold ; 
on heating thallic sulphate, (SOa)8Tlo 3,70H3 is obtained. When a solution of 
thallic sulphate is boUed, oxygen is given off and a thallious salt left. When 
treated with HCl, thallic oxide yields the chloride Tr^'Cls) fts a white crystalline 
mass, which on heating splits up into TlCl and OI3. 

HCl, or a soluble eblorfde (bromide), produces no precipitate. 
8H2 reduces thallic to thallious salts, with precipitation of sulphur. 
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I OOHo P^^*^^®®* * tohite pulyerulent precipitat<e. 

POHoNaOs gives a white gelatinous precipitate. 

AsOHos, or a soluble arseniate, gires a yellow gelatinous precipitate. 

CrO^Kos does not precipitate theJlic salts. 

KI gives a precipitate of Til and Ij. 

3. IN DIUX,In%and pseudo-triad. Atomic weight, 113'4. — ^Has hitherto only 
been found as a rare and insignificant constituent of some zinc ores {zino-hlende 
from Freiberg), in the metallic zinc prepared from these ores, and in tungsten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 7'42. It fuses easily at 176° C. It is not oxidized in 
the air or in water. Dilute HCl or SO2H02 dissolve it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SOj. This 
is readily soluble also in cold dilute nitric acid. The oxide, 'Ixxf^^^Oz ^ brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In^^Os, exists 
likewise. 

The principal salts of indium, viz., the sulphate, (803)3 InjO^* OOHj, the 
nitrate, NaOeIno'", and the chloride, In'^Olg, are freely soluble in water. The 
chloride is volatile and hygroscopic. 

BBACTION8 IK THB DBY WAY. 

Indium and its compounds impart to the flame a -pecviJJAr bluish tin^e. When 
examined with the aid of a spectroscope two characteristic blae hues can be 
seen, a bright one in the blue, and a feebler one in the violet. They are how- 
ever very transient. The sulphide gives more persistent lines than the chloride. 

BBACTIONS IN THB WBT WAT. 

We may employ a solution op any of thb aboyb salts. 

SH3 produces no precipitate in the presence of a strons acid. Indium is, 
however, precipitated like the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The sUmy precipitate or ladle salptaldey 
'Ihj^'Sj, is of a fine yellow colour. 

SAms produces at first a white precipitate from a solution, containing ammonic 
tartrate, said to consist of l2i'''2S8 and hydrogen. It turns yellow on the 
addition of acetic acid. The sulphide is insoluble in cold, but soluble in 
hot SAm2, and on cooling it separates again of a white colour. 

£Ho, NaHo, or AmHo, produces a white bulky precipitate of Indlc hyiiratey 
In'^'Hog, resembling aluminic hydbatb, quite insoluble in KHo or AmHo. 

The presence of TH02 prevents the precipitation. 
Alkaline earbonates precipitate white gelatinous earbonate. When 

recently precipitated it is soluble in ammonic carbonate, but not in the 

fixed alkaline carbonates. On boiling, indie carbonate separates again. 
COBao'' precipitates indie salts in the cold, as basic salts. (Distinction 

FEOM Zn, Mn, Co, Ni, and Fb.) 
FOHoNao2 throws down a bulky white precipitate. 
Alkaline oxalates produce a crystalline precipitate. 
Zinc precipitates the metal in the form of white shining laminse. 

4. VANADIUM, V" and ^, Atomic weight 51-3.— Occurs only in a few 
very rare minerals, principally in vanadite, or plumbic vanadate and oxychloride, 

VsOsPbo'^ (ci^^)» Mu^logous in composition to pyromorphite (comp. p. 98) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, as 
Soscoe recently discovered, in the copper-bearing beds at Alderley Edge, and 
Mottram St. Andr ;ws, in Cheshire. 

Vanadite may e made the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic 
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precipitated by SHj, which at the same time reduces the vanadio penioxide, 
"V^jOs, to tetroxide, V*^304. The blue filtered solution is then eraporated to 
dryness and the residue digested in ammonia, when the vanadio tetroxide 
becomes reoxidized into pentoxide. .The ammonic yanadate can be precipitated 
as a white powder from this solution by introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCl. By exposure to a 
temperature below redness, in an open crucible, ammonia is expelled and ^^2^5 
is left. 

Vanadium forms seyeral oxides, oxychlorides, chlorides, sulphides, which 
show that the metal is closely allied to the phosphorus and arsenic group. Thus 
we have : — 

Oxides. Oxychloride. Chlorides. Sulphides. 



'V'aOa — VOI2 — 

V'sOa (black) — VCI3 — 

^^j04(blue) — VCI4 . 'Vi^A 

VTaOfi VtOCIs — VjSs 

The most important of these compounds is the pentoxide, or yanadic anhy- 
dride, identical in composition with phosphoric, arsenic, antimonic, tantalic and 
niobic anhydrides. It combines in different proportions with bases forming like 
the other anhydrides referred to, three series of salts, yiz., ortho-y pyro-y and 
metchvanadates. Fused with CONaos, it yields sodic ortho-yanadate, VONaos ; 
but when boiled with a solution of an alkali, it forms the meta-yanadate, the 
latter class of vanadates being more stable than the ortho-salts. Alkaline 
vanadates are soluble in water, inversely to the quantity of free alkali, or alkaline 
salt present. Hence they are precipitated from their solutions by excess of 
alkali, or by salts (AmCl). {Most charticteriatic reaction.) 

Yanadic anhydride has a reddish-yellow colour, and is difficultly soluble in 
water (1,000 parts), forming a light yellow solution, which reddens litmus paper. 
It dissolves also in the stronger acids to red or yellow solutions, which become 
frequently decolorized by mere boiling. It unites, however, with bases more 
readily than with acids. 

A sulphuric acid solution of the acid when considerably diluted with water, 
and treated with zinc or sodium amalgam and warmed gently, turns first blue, 
then green, and finally from lavender to violet. The V3O5 becomes reduced to 
'VjOj J and on the addition of AmHo, a brown precipitate of the hydrate of 
the dioxide (hypovanadious acid) forms, iohich absorbs oxygen more rapidly 
than any other known reducing agent, and bleaches organic colouring matter 
(indigo solution, etc.) as quickly as chlorine. 

"Manaj organic substances, such as oxalic or tartaric acid, sugar, alcohol, 
reduce vanadio acid, especially in the presence of strong mineral acids, to the 
blue 'V^^204. The same takes place when SO2, or SH2, are added to its solutions 
in acid. 

BEAOTIONS IN THE DBY WAY. 

Borax dissolves "V^O^ to a clear bead, colourless, or, with large quantities of 
the anhydride, yellow, in the outer flame, beautiful green in the inner flame. 
With larger quantities of yanadic acid it looks brownish whilst hot, and only 
turns green on cooling. 

REACTIONS IN THE WET WAT. 

Use a solution op Sodio Metatanadate, V02Nao. 

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and 
solid state. By boiling in water, the orthovanadates of the alkalies are converted 
into colourless metavanadates. On the addition of an acid to a solution of a 
neutral or orthovanadate, the solution becomes yellowish-red, owing to the for- 
mation of anhydro-salts. 

Ammonic, baric, and plumbic meta-vanadates are but sparingly soluble in 
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water. The alkaline yanadates are more soluble in pure water, than in water 
containing free alkali, or a salt : hence they are precipitated in the presence of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAmj (ffroap reaircnt) produces a brown coloration in the liquid, and on 
acidulating with HCl, or better with SO3H03, the soluble auimonic sul- 
pho-vanadate is decomposed, and brown pentasnlphide, V2S5, mixed 
with sulphur, is precipitated ; the liquid at the same time generally 
acquires a blue colour. It dissolves with red-brown colour in aqueous 
solutions of alkaline carbonates, hydrates, and sulphhydrates. 

If an acidified solution of an alkaline vanadate be shaken up with ether con- 
taining peroxide of hydrogen, the aqueous fluid acquires a red-brown colour, 
like that of ferric acetate, whilst the ether remains colourless. This recustion is 
extremely delicate. 

Yanadic and chromic acids are the only acids whose salts give rise to red- 
coloured solutions. They are, however, differently affected by reducing agents. 

REACTIONS OF THE RARE METALS OF GROUP II. 

Group II comprises the Bare Metals, pred/pitated as Sulphides by 
Sfli, from a Hydrochloric Acid Solution, viz. : — 

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide : — Pal- 
ladium, Rhodium, Osmium, Ruthenium. 

1. PALLADIUM, Pd" and K Atomic weight, 106'5.— Occurs native in 
platinum ores, principally, however, alloyed with gold and silver, in a gold ore 
found in Brazil. The gold dust is fused together with silver, and the granular 
alloy heated with nitric acid, in which silver and palladium only dissolve. On 
the addition of sodic chloride, silver is removed as chloride, and the palladium 
may then be precipitated as palladious cyanide, by means of mercuric cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in colour. 
Its specific gravity is 11'8. Of all the so-called platinum metals it fuses most 
readily, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readily in 
the red acid. It dissolves slightly in boiling concentrated sulphuric acid, but is 
readily attacked by fusing with hydrio potassic sulphate. The true solvent for 
it, as for most other platinum metals, is aqua regia. Palladium forms several 
oxides and chlorides, in which the metal exists either as a dyad or tetrad, thus :— 

Palladious oxide Pd"0 Chloride Pd^Olj 

Palladic „ Pd*^02 „ Pd^^^OU. 

The lower oxide is obtained on gently igniting palladious nitrate. It is 
black, and its hydrate dark brown. Both part with their oxygen upon intense 
ignition, leaving spongy palladium. The nitrate may be prepared from the metal 
by dissolving in nitric acid and concentration over a water-bath. It forms then 
a brownish-red non-crystallisable mass. 

Palladious salts are mostly soluble in water ; they are brown or reddish- 
brown } their dilute solutions are yellow. 

BBACTIONS IN THE WET WAT. 

We employ a solution op Palladioits Niteatb, N204Pdo". 

OH3 precipitates a brown basic salt, from solutions containing slight excess 

of acid only. 
SHs, or SAmj, throws down from acid or neutral solutions black paUatftons 

sulphide, PdS, insoluble in SAmj, but soluble in boiling hydrochloric 

acid, and readily soluble in aqua regia. 
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KHo, or NaHo, precipitates a yeUowith-hroton liasie salt» soluble in excess. 
OOK03, or OONaoj, precipitates brown palUUUous hydrate, PdHo^, soluble 

in excess, reprecipitated on boUing. 
AmHo, or OOAmos, produces no precipitate from the nitrate, but decolorises 

the dark brown solution. 
HI, or Milable iodides give, even in very dilute solutions, a bUtck precipi- 
tate of palladtons Iodide, Pdl,, somewhat soluble in excess of KI. 

(Most characteristic reaction for Fd. It serres for the detection of 

iodine in the presence of chlorine and bromine.) 
HffOjs gives a yellotoish white gelatinous precipitate of PclOy2, readily soluble 

in KGj, and in AmHo. Slightly soluble in HCL It leaves on ignition 

spongy metallic palladium. 
CyAms gives no precipitate, even after the addition of flKDj. (Distinction 

PROM Ou.) 
SnCls produces a brownish-bUipk precipitate, soluble in HGl, to an intense 

green solution. 

Palladious salts are reduced to the metallic state by phosphorus, SOH03, 

{H 
QQ-g- , metallic zinc or iron, alcohol, etc. 

PaUadious chloride, obtained by dissolving PdS in boiling HCl, is preci- 
pitated by ammonia as flesh-coloured ammonio - palladious elalorlde, 

JXjS.^Vdf'Cl^, soluble in AmHo to a colourless fluid, from which HCl reprecipi- 
tates it as a yellow crystalline chloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KOI precipitates a brownish-red octahedral double ebloride, 2KG1, PdOl^, 

insoluble in absolute alcohol ; soluble in water to a dark-red fluid. 
All palladium salts are decomposed by ignition, leaving metallic palladium. 

2. BHODIUn, Rh'^ >^ and ▼>, aUo a pseudo-triad. Atomic weight, 104*4. 
—Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a whitish-grey metal, less ductile than platinum, and scarcely softened, 
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of un- 
fused rhodium is 10*64, that of the pure metal, after fusion, 12*1. Rhodium is 
unalterable in the air at ordinary temperatures, but oxidizes at a red heat. It 
also combines with chlorine at a red heat. When pure it resists the action of 
the strongest acids, even of aqua regia ; but when alloyed with other metals, as 
with Pb, Bi, Cu, and Pt, it is soluble in aqua regia ; when, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidized by fusion with solid caustic 
potash and nitre. Fusion with hydrio potassic sulpnate converts it into soluble 
potassie rbodie sulphate, S80e(Rh'''£:30e)"*. Mixed with sodic chloride, 
and ignited in a current of chlorine, a doable ebloride of sodium and 
rbodium, 8NaCl,Bh'''Cl8,120H3, is formed, which is likewise easily soluble in 
water. 

Rhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : — 

Oxides. 

I ' ^ 

Rhodious oxide Bh^'O. 

Rhodic „ OSUi^'jOa. 

„ dioxide Bhi^O,. 

Rhodic trioxide (anhydride, acting as a weak acid). . Bh^Ot. 

Chlorides. Sulphides. 

i ' ^ t ' s 

Rhodious chloride Sh'^Cls. Rhodious sulphide. . . . Bh^'S. 

Rhodic chloride Bh^'Clj. Rhodic „ .... 'Bh-Z^Sa. 

or 'Rh^'gCle. 

Q 
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The most important oompounds are the KhsOlg and BhsOs. Khodium salts 
are obtained with difficulty, owing to the insolubility of the metal, and its oxide 
in acids. Their solutions are generally rose-coloured. 

BBAOTIOKB IN THE WET WAT. 

We may employ A solution oe Potassio-Bhodig Sulphate, or of thb 

JX>UBLB ChLOBIDB OV SoDIUM AND BhODIUM. 

SH), or SAm^j precipitates from a hot solution brown rhodle snlphlde, 
BhsSg, insoluble m SAmj, but soluble in boiling nitric add. 

KHo, or NaHo, giyes with the chloride a yellowUh-hrown precipitate of 
rliodlc hydrate, BhsHog, soluble in excess ; in other rhodic salts this 
precipitate appears only on boiling. 

From a solution of rhodic chloride, KHo, producing at first no precipitate, 
gives, on the addition of alcohol, a brown precipitate of rhodic hydrate. 

AmHo gives also a yellow precipitate, only formed, however, after some time, 
soluble in HCl. 

KI produces a slight yellow precipitate. 

Metallic zinc precipitates blaick metallic rhodium. 

KOKo (potassle nitrite) gives with the chloride an ortmge-yellow precipi- 
tate, which is slightly soluble in water, but readily soluble in HCL 

Bhodium is distinguished from the other platinum metals by its insolubility 
in aqua resia, its solubility in fusing SOjHoKo, and the behaviour of its chloride 
with potash and alcohol. 

8. OSMIUlff Os", ^▼, ▼S and ^^^S a^o a pseudo-triad. Atomic weight, 199*2, 
-—Found chiefly as a natural alloy of oamium iridium in platinum ores, which 
remains behind undissolved, when the ores are treated with aqua regia, in the 
form of white, metallic-looking, hard grains. This alloy is attacked by mixing 
it with common salt, or potassic chloride, and exposing it in a glass or porcelain 
tube to a current of moist chlorine gas. Osmic acid is formed, which volatilises, 
and can be condensed and fixed by passing the fumes into a solution of caustic 
potash. Iridium remains behind in the tube as a double chloride, 2£Cl,IrOl4. 
This salt is obtained in reddish-black regular octahedra, by recrystaUisation 
from water. The alkaline solution is evaporated with excess of sal-ammoniac, 
and leaves on ignition of the dry residue, and extraction with water, metallic 
osmium, as a black powder, or grey, and with metallic lustre. The densest 
metal has a specific gravity of 21*4. Intense white heat volatilises the metal, 
but does not melt it. In contact with air, it bums the more readily the finer 
ther metal is divided, and is converted into o§inlc anhydride, Os^"*04. Red 
fuming nitric acid, or aqua regia, dissolves osmium likewise, and oxidizes it to 
O8O4. Yery intensely ignited, osmium is rendered insoluble in acids, and has to 
be fused vdth nitre, and then distilled with nitric acid, when O8O4 distils over. 

Osmium combines with oxygen, or chlorine, etc., in several proportions, 
thus: — 

Osmious oxide Os"0 Osmious chloride. . . Ob''C12 

Osmic „ 'Os'^jOa Osmic „ (not '08'"jCle,6KCl 

isolated) 

Osmic dioxide Os^^Oj Osmic tetrachloride . 08^^Cl4 

Osmious anhydride . . 08''*08 — 

Osmic anhydride .... 08^*"04 — — — 

The two highest oxides combine with bases, and form osmltes and unstable 
osmates. O8O4 is remarkable for its peculiar, exceedingly irritating, and offensive 
odour, resembling that of 01 and I. It attacks the mucous membrane and the 
lungs, and is excessivelv poisonous. It is absorbed by water, and is precipitated 
firom its solutions by all metals, even by mercury and silver, as a black metaUio 
powder. On heating a mixture of finely-divided osmium, or of the sulphide, with 
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potasflio chloride in a stream of chlorine gas, a double chloride-, OsjCl^GKCl, 
8OH3, is obtained, which crystallises from water in dark red-brown, regular 
octahedra. The salt is insoluble in alcohol. 

The solution of this double chloride is more stable than that of the osmium 
chlorides, and may conyeniently be employed for studying the reactions. 

BBAOTIONS VSf THB WBT WAY. 

SHs, or SAmj, gires a hrotonUh-blctck sulplilfte, Os^'S, which only sepa- 
rates when a strong acid is present. The precipitate is insoluble in 
SAmj. 

KHo, or NaHo, AmHo, or OOK03, produces a hrotonish'red precipitate of 
taydrated otmlc dioxide, O0*^Ho4. 

On fusing the double chloride with OONaos, dark gi*ey O0O2 is obtained, . 

Heated with tannic acid, or alcohol, with' addition of HCl, the double chlo- 
ride is reduced to the Hue osmious chloride, Os^'d^. 

A solution which contains osmic acid (an osmate) is remarkable for its great 
•xldltlnff power. It decolorises indigo solution, separates iodine from KI, 
converts alcohol into aldehyde and acetic acid. Sodlc sulpblte yields a deep 
violet coloration, and dark blue osmlons sulphite, SOOso", gradually sepa- 
ratee. Ferrous sulphate produces a black precipitate of ObO^. Stannous chlo- 
ride produces a broum precipitate, soluble in HOI, to a brown fluid. All 
compounds of osmium yield the metal when ignited in a current of hydrogen. 

4. BVTIIENIUBi, Bu", ^^ ^, and ▼^S ^^ ^ pseudo-triad. Atomic weight, 
104*4. — Found in small quantity only, in that portion of the platinum ores which 
remains behind, after treating with aqua regia. It is a greyish-white metal, 
closely resembling iridium, and very difficultly fusible. When heated in the air 
it becomes covered with blui*h-black rathenlc oxide, Bu^Og, insoluble in acids. 
When pure, it is insoluble in acids, being barely acted upon by aqua regia ; 
fusion with hydric potassic sulphate even remains without action upon it. 

It is attacked, either by fusion with caustic potash and nitre, or potassic 
chlorate, and is converted thereby into potassic rntlienate, Bu^^OsKoj, a dark 
ereen mass, soluble in water to an orange coloured fluid, which tinges the skin 
olaok, from separation of black ruthenic oxide. Acids (NO3H0) throw down the 
black hydrate. 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of chlorine gas, being thus converted into potassle rutheiile ehlorlde, 
2KCl,Bu»^Cl4. 

Buthenium forms several oxides, chlorides, etc., thus : — 

Buthenious oxide Bu^O. Buthenious chloride .... Bn'^Olj 

Buthenic „ 'Ru'^'fiz Buthenic chloride 'Rxl"\C\^ 

Buthenic dioxide ........ Bu^^Oj Buthenic tetrachloride . . . Bu*^Cl4 

Buthenic trioxide Bu^Os (known only in combination). 

(anhydride). 

Buthenic tetroxide Bu^^"04 

^rrutiienio anhydride). 

EBACTIONS IN THE WET WAT. 

We may employ a solution of Buthenic Ohlobide, 'Rxl'^^OI^, prepared 
by dissolving in HUl the ruthenic hydrate, precipitated by nitric acid, from 'a 
solution of potassic ruthenate. It K>rms an orange-yellow coloured solution, 
which on heating is resolved into HOI and Bu^Os. 

SHs produces at first no precipitate, but after some time the fluid acquires an 
agure blue tint, and oeposits brown ruthenic sulphide, BugSg. This 
reaction it very delicate a/nd characteristic, 

SAm^ produces a brownish-black precipitate, difficultly soluble in excess. 

Q 2 
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EHo preoipil&tes black mthenle hydrate, BosHoe, insoluble in aJkalies, 
but soluble in acids. 

CjEs produces, in the absence of other platinum metals, after some time a 
red coloration, which gradually changes to purple-red, and, upon heating, 
to 9. fine violet tint {very characteristic). 

KCl, or AmCl, produces in concentrated solutions crystalline flossy violet 
precipitates of the double chlorides, difficultly soluble in water, in- 
soluble in alcohol. Thej are decomposed on boiling with water with 
separation of black ruthenious oxjchloride. 

NOSlO forms a double salt, SNOEo, NsOsKuo'^', readily soluble in an excess 
of the alkaline nitrite. On the addition of a few drops of colourless SAmg, 
the solution assumes a splendid dark red colour, changing to brown, with- 
out precipitation of sulphide. 
Metallic zinc produces at first a fine azure blue coloration (owing to the reduc- 
tion of ^u'^'s^lc to Bn^'Clj), which subsequently disappears, ruthenium 
being deposited in the metallic state. 

(B.) As Sulphides, soluble in yellow a/mmonic sulphide : — luiDiuif, 
Molybdenum, Tellubium, and Selenium. 

1. IBIDIUII, Ir", *▼, and 'S also as a pseudo-triad. Atomic weight, 198. — 
Found in platinum ores alloyed with platinum, chiefly, however, in combination 
with osmium, left behind as a native alloy in the form of very hard metallic- 
looking brittle grains, when the ore is treated with aqua regia. In this condi- 
tion, or when reduced at a red heat by hydrogen, from any of its compounds, 
it is insoluble in every acid. Fusion with acid potassic sulphate oxidises, but does 
not dissolve it (Distikction pbom Bh). When fused with caustic soda in a 
silver crucible with access of air or with sodic nitrate, it is likewise oxidised, 
but the compound of Ir208 and soda is only psnrtially soluble in water. By the 
action of aqua regia the latter is dissolved to a deep black liquid, containing the 
double ehlorlde of Iridium and sodium, 2NaCl,IrOl4. d?his same com- 
pound is also obtained when a mixture of the iridium powder and diy sodic 
chloride is heated in a glass or porcelain tube in a current of chlorine gas, and 
the residue dissolved out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, sulphur, 
etc., in which the metal exists as a dyad, pseudo-triad, tetrad, or hexad, as will 
be seen from the following list :— 

Oxides. 

Iridious oxide Ir"0. 

Iridic „ 'Ir'"A. 

Iridic dioxide (most stable) Ir^^Og. 

„ hydrate (bulky, indigo coloured) Ir*'^Ho4. 

Iridic anhydride (not known in the free state) Ir^^O^. 

Chlorides. Iodides. Sulphides. 

Ir-Clj. Ir-Ij. Ir»S greyish black. 

Ip'^sCI^j. 'Ir'Ve- ay'jSa brownish black. 

Jx^^CU. Ir*^l4. 

All iridium chlorides are capable of forming crystalline double chlorides with 
the chlorides of the alkali metals. 

BEACTIOKS IN THE WET WAT. 
A SOLTTTION OP THE DOUBLE ChLOBIDE OP SODIUK AND IbIDIUK, 

2NaCl,IrOl4, may conveniently be employed. 

SH] first decolorises the iridium solution, with separation of sulphur and 
reduction of the Ir*^Cl4 to 'Ir^'jClfl, and finally precipitates brown Iridic 
sulphide, 'Ir^'jSa. / r ^ 
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SAiUs produces the same precipitate, readily soluble in excess. 

KHo or NaHo added in excess colours the solution ffreenish, and precipi- 
tates a little brownish black poUwsIc double chloride. On heating 
the liquid with exposure to the air, it acquires at first a reddish tint, 
which changes afterwards to azure blue (Distinctioit 7B0M Ft), and 
when evaporated to dryness and taken up with water, a colourless solution 
is obtained, and a blue deposit of iridic dioxide is left undissolved. 

KOI precipitates dark brown potassic iridic cMoride, 2ECl,IrGl4, in- 
soluble in a concentrated solution of potassic chloride. 

AmCl throws down from concentrated solutions a dark red powder, consist- 
ing of small octahedral crystals of the ammonic doable cMorlde, 
2Am01,IrCl4, insoluble in a concentrated solution of the precipitant. 

Ueducing agents, such as potassic nitrite, oxalic acid, ferrous sulphate, 
stannous chloride, mercurous nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.ff, : — 

, 2(2Ka,Ir»^0l4) + 4NOKo - 6K01,1r'"jCl« + 2HO2K0 + HaOj. 

The double chloride crystallises out on cooling. 

When Ir'^Ho4 ^ suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the water as long as 
SO3 is given ofi*, the whole of the iridium is converted into insoluble brownish' 
green irtdic snlpUte, SO(IrO) V,40H2 (Sepabatioit fbom Ft). 

Metallic zinc precipitates black metalUc iridium. 

Note. — ^For the separation of the so-called platinum metals we must refer 
the student to some larger work on Ohemistry, such as '* Watts' Dictionaiy." 

2. IH^IiTBDBNUM, Mo'', *% ^S and ^S also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disul- 
phide (Molybdenite), Ko^^Ss, resembling graphite, and as plumbic molybdate 
(wulfenite, or yellow-lead ore), KoOsFbo''. 

Molybdic anhydride, KoOg, serves for the preparation of ammonic molybdate, 
a reagent largely used now in determining phosphoric acid, and best obtained 
from molybdenite, by first roasting the ore, at a red heat, in an open vessel, 
and dissolving the impure anhydride in strong ammonia. An acid ammonio 

{KoOaAmo 
O + OHj, crystallises out, on cooling, in large trans- 

KoOsAmo 
parent ci^stals. The metal is prepared by intensely heating the oxide in a 
charcoal-lmed crucible. It is a silver-white, brittle and exceedingly infusible 
metal, of specific gravity 8'6. It is not affected by exposure to the air, but when 
heated it becomes first brown, then blue, and finally white, passing through 
various stages of oxidation till it is converted into molybdic anhydride, MoOs. 
Molybdenum is insoluble in HCl, but is acted upon by ITO3H0, or aqua regia, 
being converted into the anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds m which the metal 
exists as a dyadj pseudo-triad, tetrad, hexad, and ootad ; thus : — 

Oxides. Ohlorides. Sulphides, 

( * ^ ( * \ r ■^- -^ 

Molybdous oxide, Ko "O Ko'Clg. 

Molybdic „ 'Mo'^'jO,. 'Ko^'sCl^. 

» l[oO,KoOs. — 

Molybdic dioxide, Mo^^'O,. Ko^^O^. Ko^^S, (the native molybdenite), 

Molybdic tnoxide — Ko^^Sg (sulphomolybdio anhy- 

or anhydride, KoOj. — dride). 

Ko'^"*S4 (per-sulphomolybdic 
anhydride). 

The higher oxide (anhydride) and sulphides form oxy- and sulpho-salts,— 
molybdates and sulpho-molybdates. Black molybdous hydrate, Ko H03, forma 
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with acids molyhdous salts, -vrhich absorb oxygen readilj tram the m, «&d 
powerful reducing agents. The principal salts are, however, the molyhdates. 

BBAOTIOVS nr THB BBY WAT. 

Molybdic anh jdridei when heated on charcoal, in the outer flame is volatilized 
and forms a yellow crystalline sublimate on the charcoal which turns white, on 
cooling ; in the inner flame it is reduced to the metallic state (even without 
OONaOj) ; the metal can be obtained as a grey powder, on levigating the char- 
coal. With borax, all oxides of molybdenum give in the outer flame a bead 
which is yellotOf when hot, and colourless^ on cooling ; in the inner flame, a dark' 
brown bead, which is opaque, when excess of molybdenum has been used. 

BBACTIOKS IN THB WBT WAY. 

We employ A solution op Ammonio Moltbdate. 

The alkaline molybdates are soluble in water. Most others are insoluble. 

Nitric, or hydrochloric acid, precipitates white molybillc acid, U0O2H03, 
from a concentrated solution 01 a molybdate, soluble, however, in a large 
excess of the acid. 

SHj gradually precipitates from acidulated solutions hrownish-hlach molyb- 
illc tertulphide, MoSs, soluble in alkaline sulphides to sulpho-salts, 
which are decomposed aeain by acids with precipitation of K0S3, espe- 
cially on the application 01 heat. On the addition of a little 8H3 only, 
the molybdate solution acquires at first a hlue tint; added in larger 
quantities, it produces a precipitate, and the supernatant fluid appears 
green, till on the addition of excess of SH] the whole of the metal sepa- 
rates, though slowly, as a tersulphide. 

SAma gives a similar precipitate, soluble in excess. 

Reduclnff asents, such as SnClj, NsO^Hgjo'^, Zn and HCl, etc., produce 
changes, marked chiefly by alterations in colour. 

The principal and most characteristic reaction for molybdic anhydride con- 
sists, however, in precipitating it in a nitric acid solution^ as yellow phos- 
pho-molybdate, or arsenlo-molylidate, by the addition of a mere 
trace of a soluble phosphate, or arseniate. (Comp. p. 136.) 

3. TELLURIUnr, Te", »▼ and ▼». Atomic weieht 128.— Occurs in a few 
places, and in small quantities only, as native metal {jgraphic and foliated tellu' 
Hum) ; more often in combination with Au, Ag, Bi, Pb, as a {su^ho)-telluride, 
analogous to arsenides, etc. ; or as tblltjsovs acid, in combination with metallic 
bases. 

Tellurium exhibits all the physical properties of a metal, and resembles anti- 
mony in its general appearance. It is a white, brittle, but readily fusible metal, 
which may be sublimed in a glass tube. When heated in the air, it bums with a 
greenish-blue flame, emitting thick white fumes of tellurous anhydride, TeOj. 
The metal is insoluble in HCl, but dissolves readily in NOjHo, forming TeOj, a 
white substance which fuses to a yellow fluid, at a gentle heat, and volatilises on 
stronger ignition in the air. Tellurous anhydride dissolves barely in water, and 
the solution does not redden litmus ; readily in. HCl, less so in NOaHo. It also 
dissolves freely in potash, or soda, slowly in ammonia, forming alkaline tellurites. 
On dilution with water, white tellurous hydrate, TeOHo^, is precipitated from 
an acid solution. A nitric aoid solution slowly deposits crystallme tellurous acid, 
even without the addition of water. 

Tellurium forms several oxides, chlorides, sulphides, etc., in which the metal 
is a dyad, tetrad, or hexad ; thus : — 

Oxides. 

Tellurous oxide (anhydride) Te^^O-^. 

„ acid TeOHoj. 

Telluric oxide (anhydride) Te^*0,. 

„ acid TeOsHoj. 
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Chlorides. Sulphidee. 

t '^— ^ t ^ — ^ 

Tellurous, or diohloride TeCl2' t* 

Tellurio, or tetrachloride TeCL|i TeSj. 

— TeSj. 

It also forms with hydrogen a gaseous compound, tellurieUed hydrogen (or 
hydrotelUiric acid)^ Te^Hj. 

Both the di- and ter-oxide are capable of forming with metallic bases salts 
called tellurites and tellurates. The alkaline and alkaline earthy tellurites — 
formed by fusing tellurous acid with the carbonates of these metals — are all 
more or less soluble in water ; all others obtained by double decomposition are 
insoluble. The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. They can be prepared by double 
decomposition. 

The sulphides of this metal act as sulpho-acids, forming, with the alkaline 
sulphides, sulpho-telltMrites and tellurates, 

BBAOTIONS IS THB DBY WAY. 

When tellurites, or tellurates, are heated with charcoal and 00£o2, they are 
reduced to potasslc tellarlde, Te^^^ which produces a black stain on a moist 
silver plate, and is soluble in water, forming a dark-red solution. When Hd is 
added to this solution hydrotellurlc aclil sas, Te''H3, is eyolyed, resembling 
SH3 in smell, and soluble in water, to a pale red solution, which is decomposed in 
contact with air, with deposition of metiJlic tellurium. 

All compounds of tellurium are readily reduced on charcoal in the inner 
flame. The reduced metal is yolatilised and forms a white scarcely yisible 
deposit of tellurous anhydride on the charcoal. Stannous chloride colours it 
black, owing to the separation of metallic tellurium. 

With borax or microcosmio salt a clear colourless bead is obtained, which 
when heated on charcoal, is rendered grey and opaque, owing to reduced metal. 

BEAOTIONS IN THE WBT WAT. 

A. TBIiliURIC COMPOUNDS. — USB A SOIdTTIOST OF FoiASSIO TbL- 
XTTBATB, TeOsKos (obtained by fusing potassic tellurite with nitre). 

HCl does not decompose tellurates in the cold, but on boiling the solution 
chlorine is eyolyed, and on dilution with water tellurous acid, TeOHoj, is 
precipitated, soluble only in a considerable excess of HCl. (DisxiKC- 
TION OF TeOs FBOH ToOs.) 

B. TEIiliVROlJS GOJIPOIJNOS. — USB A SOLTTTION OT FOTASSIO TBL- 
LUBITB, TeOKOj. 

HCl decomposes this solution and precipitates white tellurouA acid. Tel- 
lurium resembles in this respect Sb and £i compounds. 

SH3 precipitates from acid solutions brown tellurous iUlpblile, TeSj, 
resembling in colour SnS, and yery freely soluble in ammonic sulphide. 

Redudnff agents, e.g,, SONaoj, SnCl^, metallic zinc and HCl, a solution 
of sulphurous acid, etc., reduce tellurium compounds and precipitate 
black metallic tellurium. 

4. SELBNIUM, Se'\ *^, and v^. Atomic weight 158. — ^Found naiivet also 
as SBLBNIDB of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in the flue- 
dust of roasting furnaces, and as a seleniferous deposit in the lead chambers of 
sulphuric acid works, where the acid is manufactured from seleniferous pyrites. 

It resembles the non-metallic element, sulphur, in many respects, e.g,^ in 
exhibiting alike aJlotropic changes ; in others the metal tellurium. It is a 
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brittle dark-brown Bubstance, fuses at 200^ C, and raporises at about 7(Xf C, 
and may be sublimed. Heated in air it bums with a bluish flame and forma 
Bdenloas anhydride, SeOj, whilst at the same time a disagreeable odour of 
decaying horse-raddish is given off. The same oxide is formed when selenium 
is dissonred in nitric acid, or aqua regia. Selenates containing selenic an— 
hydride, SeOa, are formed by heating selenium, or its compounds, with carbon- 
ates and nitrates of the alkalies. These oxides form two series of salts, viz., 
selenitea and selenates. The selenites are the more stable of the two. 

SRACTIOVB IS THE DBY WAY. 

Selenium compounds are reduced, when heated with OONaOj, on charcoal, in 
the inner blowpipe flame, and may be readily recognised by the characteristic 
smell of horse-raddish which they giye off. If the saline residue, which contains 
sodic selenide, SeNaj, be placed on a bright silrer coin and moistened with a drop 
of water, a black stain is produced on the silver. Treated with dilute HCl, it 
evolves gaseous hydroselenic aeld (selenietted hydrogen), SeHj, analogous in 
composition and properties to sidphuretted hydrogen. It is an inflammable, 
foetid, poisonous gas, very soluble in water. The aqueous solution of SeHj 
gradually deposits selenimn on exposure to air ; it precipitates lelenldea from 
solutions of many metallic salts. 

BEACTI0K8 IN THE WET WAT. 

' A. SELENIC COMPOUNDS. — Use A SOLUTION OP PoTABSic Sblbnatb, 
SeOjKos. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium and lead salts, 
which are insoluble in water and in dilute adds. 

HCl decomposes selenates, on boiling ; chlorine is evolved, and the salt is 

reduced to a selenite. (Distinction tbom BeOj.) 
SH3 does not produce a precipitate, till the • selenate has been reduced to 

selenite, by boiling with HCl. 
BaClj produces a white precipitate of harie selenate, SeO^Bao^', insoluble 
in water and in dilute acids ; decomposed by boiling HCl. 

B. 8ELENI01J9 COMPOUNDS. — UsE A SOLUTION OP AN Alkaline 

Selenite. 

The normal alkaline selenites are soluble in water, most others are insoluble ; 
all acid selenites are soluble. HCl does not decompose selenites. 

SH2 produces from an acid solution of a selenite, a lemon-ifellow precipitate 
of aelenlous sulphide, SeSj (?) readily soluble in ammonic sulphide. 

BaCIa gives a white precipitate of baric selenite^ SeOBao", soluble in dilute 
HCT, or NO2H0. 

Reduclnff aprents, such as SO], alkaline sulphites, SnClj, metallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metallic selenium, as a 
red powder, which txims ^rey at a high temperature. (SOjFeo" is with- 
out action). Metallic copper is immediately coated black when placed in 
a warm solution containmg hydrochloric acid, and on standing, the solu- 
tion turns light red, from separation of metallio selenium. 



Gronp I comprises the Rare Metals precipitable by HCl, viz., 
the metal Tungsten, or Wolfram, which is precipitated as tnngstic 
acid, W02Hox, and Thallium precipitated as thallions chloride, TlCl. 
Several other metals already treated of in Gronp III besides 
Thallium, viz.. Niobium, Tantalum, Molybdenum, are likewise pre- 
cipitated, bnt the precipitated acids (NbOaHo, TaO^Ho and 
mo02Ho2) dissolve again in an excess of hydrochloric acid. 
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1. TUKGSTEIV, or WOLFRAM, W^^ and ▼*. Atomic weight 184.— This 
metal occurs in nature as teroxide iu the form of tungstates, in combination with 
the bases OaO, FeO, UnO, in the minerals wolfram^ WOj [Feo^' Mno"] and 
twngsten, 'WOjdiajo>', 

The metal can be obtained bj intensely heating the oxide in a current of 
hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes 
again oxidised to tungstic anhydride, WOs, when heated in air. Dry chlorine 
gas converts it into ^dfirJc violet^ WC1(, which sublimes, and a more volatile red 
compound, WGI4. Both chlorides are decomposed by water into the correspond- 
ing hydrates, with formation of HCl. The metal is insoluble, or scarcely soluble, 
in acids, even in aqua regia. 

The following are some of the more important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 

Oxides. Chlorides. Sulphides. 

Tungstic anhydride (lemon-yellow) .... "W^Oj. W*Cle. 

Tungstic dioxide (brownish-black) .... W^*02. W*^0l4. 

Intermediate (blue-coloured) oxide .... WjOs. - WCI5. 

« Wi^OjjW'^Os = WCI4, WClfi. 

Tunestic anhydride can be prepared from voolfra/m or tungsten, by digesting 
the finely divided mineral in aqua regia, till it is completely decomposed, and 
evaporating to dryness on a water-bath. The metallic chlorides are dissolved 
out with acidulated water, and the residue, which contains a little silica and some- 
times niobic acid, washed with alcohol and treated with ammonia. Tungstic 
acid is dissolved, and silicic and niobic acids are left behind. From the ammonia 
salt, pure anhydride is obtained by the evaporation of the filtrate and ignition. 

EBACTIONS IN THE DBT WAY. 

When heated on charcoal in the reducing flame, together with CONaoj and 
KCy, tungstic anhydride is reduced to a black powder, containing metallic 
tungsten. Heated with microcosmic salt, tungsten compounds give a colourless 
bead in the outer flame ; in the inner flame a blue bead, which on the addition 
of a little SOjFeo'' changes to blood-red. The addition of tin changes the red 
bead to blue or green. 

BEACTIONS IN THE WET WAY. 

We may employ a solution of Sodio Tungstate, WOaNaoj. 

The alkaline tungstates are soluble in water, all others are insoluble, and can 
be obtained by double decomposition. 

Mineral acids (HCl, NO3H0, or SO^Ho^) precipitate tohiie tunystlc aeld, 
WO9H0S. It turns yellow on boiling, and is quite insoluble in excess of the 
acids. (Distinction fbom KoOs). Non-volatile acids (e.g., phosphoric, tar- 
taric) precipitate it likewise, but the precipitate is soluble in excess. It is also 
readily soluble in AmHo. 

SH3 produces no precipitate from an acid solution, but reduces the tungstic 

acid to the blue oxide, W2O5. 
SAma produces no precipitate from alkaline tungstates, but on acidulating 

with HCl, liffht brown tunystlc teranlphlde, WSs is precipitated, 

slightly soluble in pure water, but insoluble in the presence of salts. The 

solution is coloured blue. The precipitated sulp)iide dissolves readily in 

ammonic sulphide. 
S11CI3 gives at first a yellow precipitate ; on acidulating with HCl and 

applying heat, the precipitate acquires a beautiful blue colour. TMs 

reaction is very delicate and highly characteristic. 
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EEAGENTS. 
SOLVENTS. 

Distilled Water.* — Obtained hj condensing steam by means of a tin worm. 
The first portions of the condensed water usually contain carbonic anhydride and 
ammonio carbonate, and should be rejected. 

Impurities.— When evaporated in a platinum yessel, distilled water should 
not leave a solid residue, either organic or mineraL Ammonio sulphide ought 
not to give a precipitate (Ou, Pb, ¥e), neither ought basic plumbic acetate to 
cause a turbidity (OOj, OOAmoj). No turbidity or precipitate should be pro- 
duced, moreover, on the addition of ammonio oxalate (lime), baric chloride (sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is colourless, 
modorous, and tasteless. 

Water used for Nessler*s test should be specially distilled in a glass retort 
with a few pieces of caustic potash, and the distillate rejected as long as the 
Nessler solution indicates any traces of ammonia. 

Alcohol (Methylated Spirit), O2H5H0 or EtHo.— Ordinary methylated 
spirit (i.e., ethylic alcohol, 90 p. c, mixed with 10 p. c. of wood spirit or methylio 
alcohol) may be employed for most purposes. It can be rendered absolute bv 
shaking with well dried potassic carbonate and distilling the clear spirit in a flask 
or retort finom a water-bath. 

Impurities, — Commercial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, 0Et<3. — The ordinary ether (methylated, i.e., prepared from methy- 
lated alcohol) of commerce, is pmre enough. 

ACIDS. 

Salpharlc Aeld,* SOsHo^. — Common oil of vitriol may be used in all 
operations with which its usual impurities (lead, arsenic, iron, lime, nitric acid) do 
not interfere. Sulphuric acid, free from arsenic, should be employed for genera- 
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever 
this metal has to be precipitated as smphate. Sulphuric acid, free from nitric 
acid and nitric peroxide, ought to be employed in testing for nitric acid by means 
of ferrous sulphate. 

Impurities. — Pure sulphuric acid is colourless, and leaves no residue on evapo- 
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it 
in a narrow test-tube, it should not form a brown ring where the two liquids 
come in contact (nitric acid and nitric peroxide), nor stnke a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide). The presence of arsenic is best ascertained 
by passing a current 01 sulphuretted hydrogen through the dilute acid, or by 
generating hydrogen from zinc free from arsenic, and passing the gas through an 

* The asterisk marks the more important reagents. 
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ignited oombfution tube ^(Mamh's test, Fig. 14). Flumbio snlphate is frequently 
found in sulphuric acid, and is precipitated on diluting witn water, being less 
soluble in dilute than in concentrated acid. Hydrochloric acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude add. 

Dilute Snlplmrle Aeld.* — Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1*8) into fire parts by measure of dis- 
tilled water, with continuous stirring. Thin glass yesseis (beakers) or a porcelain 
dish should be employed, as much heat is eyolved. Allow the plumbic sulphato 
to subside, and decant or syphon off the dear liquid. 

Nitric Acid,* Aquafortis, NO^Ho. — Should be colourless, and leare no 
residue on eyaporation in a glass dish. 

Impuritiet,^ Bid^hwrio and hydrochloric acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

Dilate Nltrtc Acid.* — Prepared by diluting one part of pure commercial 
acid (sp. gr. 1*38 to 1*45) with three parts of distilled water. 

Crude Nitric Add.* — May be employed for all experiments in which the 
above impurities do not interfere, e.ff.y in the preparation of KjO, or NjOs by 
the action of nitric acid upon copper or arsenious anhydride. 

Concentrated Hydrociilorlc Add,* Murlatte Acid, HOI. — Should be 
colourless, and leave no residue on evaporation. 

Impurities. — Ferric chloride, sulphurous and sulphuric acids, arsenic. The 
acid should not impart a blue colour to a solution of KI and starch paste (01 or 
"Fefii^). On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (SO2). The dilute acid should remain clear 
on the addition of a solution of baric chloride (SO3H02). Sulphuretted hydro- 
gen, when passed through the dilute acid, should not produce a precipitate 
(arsenic), nor should ammonic sulphocyanate redden the diluted acid (iron). 

Dilute Hydrociiloric Acid.* — Pure commercial acid, sp. gr. 1*16, is diluted 
with three times its bulk of distilled water. 

Crude Hydrocblorlc Add.* — Should be employed, whenever the impuri- 
ties which it contains do not interfere with the object in view, as for instance in 
the preparation of chlorine from manganic dioxide. 

Aqua Reffia or Nitrohydrocliiorie Acid. — Prepared, when required 
only, by mixing one part of concentrated nitric acid with three to four parts of 
hydrochloric acid. 

Sulphurous Add, SOH03. — Prn>ared by acting with concentrated sul- 
phuric acid upon copper, and passing the gas into water. The solution should 
be kept in a well stoppered bottle. 

Carbonic Add Water.—A solution is prepared by acting with hydro- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Cblorine Water. — A solution of chlorine in water is readily prepared. It 
should be kept in a well-stoppered bottle, and in a dark place, since on exposure 
to light, it is speedily converted into HOI with evolution of oxygen. 

{OH 
COHo* ^"'^ commercial acid of sp. gr. 1*04, diluted with 

one part of water may be used. It should leave no residue on evaporation. 
Impurities, — Sulphuric and hydrochloric acids, lead, copper, iron, lime. 
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Tartaiie Aeld, TH03. — ^A solution is prepared when required only, as the 
acid undergoes decomposition in an aqueous solution. One part by weight of 
commercial tartaric acid of sufficient purity is dissolved in three parts of water 
(i.e., 1 grm. in 3 c.c. of water). 

Impurities. — Tartaric acid contains sometimes gypsum and calcic tartrate, 
which are best tested for by igniting a few crystals on platinum, extracting the 
residue, if any, with a few drops of dilute HOI, and adding to one portion BaOlj, 

to another AmHo, and •< oOAmo* 

Oxaue Add. {°3g° The oommeroial acid i. sufficiently pure. It 

should not leave more than a trace of a residue on ignition. 

Impurities. — Iron, potassio and sodio oxalates, lime. Dissolve one part by 

weight of the crystallised acid, •< qq-^^* + 2 aq., in ten parts by measure of 

water. 

HydrollaoHc Add, HF. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydrofluosllicle Aeid, 2HF,SiF4. — ^A solution of tbis acid in water is 
prepared, as described, p. 133. It should be made sufficiently strong to precipi- 
tate a soluble baric salt readily. 

Impurities. — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a 
strontic palt (SO3H02). 

HydroMulpliurle Acid, SHj. — Prepared when required. In well ap- 
pointed laboratories sulphuretted hydrogen is now usually stored in a gasholder 
over oil, and supplied like coal gas from small taps, in closets, connected with the 
chimney. The gas, whether obtained from a constant generating apparatus, or 
from a gasholder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water answers most 
purposes of the analyst. It should be kept in a well-stoppered bottle, since 
sulpburetted hydrogen decomposes rapidly when in contact with air with forma- 
tion of sulphur acids and precipitation 01 white sulphur. 

If the gas be required entirely free from AsHs, it should be generated by 
acting with pure HOI (concentrated) upon native ^rey antimony, Sb^s- 

BASES AND METALS. 

Potasslc Hydrate,* KHo, or Aodle Hydrate, NaHo. — Usually obtained 
in commerce in the form of sticks or lumps, which may be dissolved in twenty 
parts of water. 

Impurities.^ Silica, alumina, phosphoric, sulphuric, and hydrochloric acids 
(sulphates and chlorides, often in not inconsiderable quantities), and oarbonio 
acid. On dissolving in water, and allowing the suspended matter to subside, the 
clear solution may be syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

Aminoiilc Hydrate,* AmHo. — ^The liquor ammonia of commerce, sp. gr. 
*88, is diluted with distilled water till the liquid has a sp. gr. of '96 « 10 per 
cent, of NHj. 

Impurities. — ^A solution of ammonia should be colourless ; on neutralising 
with pure HOI it should remain inodorous. When evaporated in a glass or 
platinum dish, it should not leave any residue. . Ammoma contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable 
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quantities of ammonio carbonate, when it produces a white precipitate on the 
addition of lime water. 

Barie Hydrate,* BaHoj. — Obtained bj dissolving in a stoppered bottle 
one part of crystallized baric hydrate, BaHoj + 8aq. in twenty parts of water. 
Allow to subside and syphon off into another well-stoppered bottle. 

Impurities. — ^The solution commonly called har^ta-water should, on precipi- 
tating with pure SO3H03, give a filtrate which leaves no fixed residue on evapo- 
rating to dryness in a platinum vessel. 

Calele Hyilratet* OaHoj. — Freshly slaked lime in powder is used in 
qualitative analysis, as well as a solution of lime, so-called lime-water. This is 
prepared by dissolving in cold distilled water some freshly slaked lime, allowing 
to subside m a stoppered bottle, and syphoning off the clear liquid into another 
bottle. Lime-water contains about 1 part of lime dissolved in 600 of water. 

Ammonie Sulphide,* SAmj. — ^Prepared by saturating three parts of 
ammonic hydrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydric ammonic sulphide with two parts of ammonic 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of wa(«r. It should be 
kept in well-stoppered bottles. Calcic or magnesio salts shoidd not be precipi- 
tated ; nor should the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it gradually into NHs, OH2 and yelloW SSAm^. 

Tellow Ammonie Sulphide, SSAmj. — Used for the solution and con- 
version of SnS into 8x182. It may be prepared by digesting the neutral SAmj 
with flowers of sulphur and filtering the liquid. 

Sodle Sulphide, SNag. — ^Prepared by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered off. The 
solution must be kept in a well-stoppered bottle. 

SALTS. 

Potastle Sulphate, SO2K03. — Dissolve one part of the commercial salt 
in twelve parts of water. 

PotasBle Iodide, KL. — The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure £1 should be free from ioiate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
SO2H02. 

Potassle Nitrite, NOKo. — ^Dissolve one part of the commercial salt in two 
parts of water, when required for use. ' 

Potassle Ghromate, CrOjKo^. — ^Dissolve the salt of commerce in ten 
parts of water. 

Impurities. — Sulphuric acid. The solution ' ought not to become turbid on 
the addition of dilute HGl and BaCl2. 

DIpotassle Dlehromate, 0r2O5Ko2. — Purify the commercial salt by re- 
crystallisation till it is free from SOjKos, and dissolve one part in ten of water. 

Potansle Iletantlmonlate, SbO^Ko 4- 5 aq. — Prepared by deflagrating 
in a Hessian crucible one part of finely powdered antimony with four parts of 
saltpetre. Pour the fused mass on a stone slab. Powder it, and boil with twelve 
parts of water for two or three hours, and filter, when a clear and neutral solution 
is obtained. KOI and AmOl should not precipitate it. 

Potassle Ferroeyanlde,* K4FeOye, and Ferrleyanlde, KfiFe30yi2. — 
These salts can be purchased in a state of sufficient purity. They are dissolved, 
in small quantities at a time, in twelve parts of water. 



238 APPENDIX n. 

Fotessto Siaphecyanate, OyEs, or Annnoiile flalpliocyiuiate, 

Cj Ams. — Dissolye in 10 parts of water. 

Impurities, such as SOjHos, do not interfere with the reactions. 

Settle Carbonate,* OONaoj. — Procure the pure salt, which should be free 
from sulphate and chloride. The solution should not give a precipitate after 
oonversion into a nitrate, when treated with concentrated NOjHo and 
XoOjAmos, and should not leaye a residue, insoluble in water, on acidulating 
with pure HGl and evaporating to dryness (SiO)). 

Dissolye the dry salt in fiye parts of water. 

Hydrte Dlsodle Phospliate,* POHoNaoj + 12 aq. — Becrystallise the 
commercial salt and dissolve one part of pure salt in ten parts of water. 

Impurities. — Sulphate and chloride. — Ammonic hydrate should not cause 
any turbidity on warming (alkaline earthy phosphates). 

r OH 

Sodie Aeetate* < noNao "^ ^ ^' — ^^ commercial salt generally contains 

sodic sulphate. If a pure salt cannot be procured, Fodio acetate may be prepared 
by neutralising pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Acetate and Acetic Add. — ^Dissolve 20 grms. of pure crystal- 

lised •< QQ^r^Q ui 160 o.c. of water, and add 40 c.c. of concentrated 

GOHo* ^'^^ solution is used for the precipitation of ferric, aluminic, and 

chromic phosphates. 

Hydric Sodic Snlphlte, SOHoNao. — Dissolve one part of the salt in 
five parts of water. Hydric ammonic sulphite may frequently be used with 
greater advantage. 

Sodic Hyposulphite, SSONaos + 5 aq.^Beadily procurable in a pure 
state. Dissolve one part of the salt in forty parts of water. 

Sodic Hypochlorite, ClNao. — ^Prepared by shaking up pne part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of commer- 
cial sodic carbonate as long as a precipitate is produced. Allow to subside, and 
syphon off. 

Amnionic Oxalate,* -< noAmo "*" *^' — ^^^^ ^^® commercial salt by 

recrystallisation and dissolve one part in twenty-four parts of water. 

Impurities. — ^The salt should leave no fixed residue on ignition. Sul- 
phuretted hydrogen or ammonic stJphide ought not to produce a turbidity or a 
precipitate. 

Amnionic Carhonate,* COAmo2. — Prepared by dissolving one part of the 
commercial sesquicarbonate, after scraping off from the lumps any foreign 
matter, in four parts of water and adding one part of strong anmionia solution. 
If a precipitate of ferric hydrate be thrown down, it is allowed to subside, and 
the clear solution is syphoned off. 

Impurities.— Iron, lead, sulphuric and hydrochloric adds. The salt should 
volatilize completely and give no precipitate with baric chloride, or argentic 
nitrate (after acidulating with hydrochloric or nitric acid respectively), abo no 
precipitate with sulphuretted hydrogen or ammonic sulphide. 

Hydric Ammonic Garhonate, OOHoAmo. — Obtained in colourless 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The salt is employed for the separation 
of As^Sa from Sb^Ss and SnSj. A saturated solution is prepared when 
required. 

Ammonic ChloridCy* AmCl. — ^The commercial salt (sal-ammoniac) usually 
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containB iron. Purify by adding to the solution a little ammonio hydrate. 
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly 
with pure HGl. The salt should leave no fixed residue on ignition. Dissolye in 
fkre parts of water. 

Ainiii«nlc Xolybdate, KoOjAmoa. — ^This salt may be purchased. It is 
dissolyed in strong ammonia and allowed to stand for some time. A slight yellow 
precipitate cont-aining ferric hydrate usually subsides. The clear fluid is poured 
into concentrated nitric acid as long as the molybdio acid which at first preci^ 
pitates is entirely redissolyed. The nitric acid solution should remain colourless 
on boiling. A yellow precipitate indicates contamination with phosphoric acid, 
and the reagent should not be used, till it remainr dear on digestion. 

Ammonle Sulphate, SOaAmO:!. — Beciystallize the commercial salt from an 
ammoniaoal solution in order to separate iron. Keep a saturated solution for use. 

Antinenle Hitmte, NOfAmo. — ^The commercial salt is dissolved, when 
reqtiired, to a saturated solution. It should leave no residue when ignited on 
platinum. 

Barle Chloride,* BaOls + 2 aq. — The commercial salt is rarely pure 
enough, and not unf requently contains lead. It should not give a precipitate 
with sulphuretted hydroeen or ammonic sulphide, nor should a residue be left 
after precipitating the whole of the barium by pure sulphuric acid and evapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sulphuretted hydrogen, filtering and recrystallizing. Dissolve in ten parts of 
water. 

Baric Nitrate, N204Bao''. — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloride, in order to avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test as for baric chloride. Dissolve one part in 
15 parts of water. 

Barte Carbonate,* OOBao''. — ^Prepared by precipitation of pure baric 
chloride with ammonic carbonate and Am Ho. Wasn well till free from AmOl ; 
stir up the precipitated baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a stoppered bottle. Shake up before using this 
reagent. 

Calele Chloride,* OaOla + 6 aq. — The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonic sulphide (iron). 

Calele Sniphate, SO^Cao'^ — ^A saturated solution is prepared by re- 
peatedly shaking up gypsum (SOHosCao'' + aq.) with water, allowing to subside, 
and syphoning off the clear liquid. 

MwLfgnenle Sulphate.— Dissolve the commercial salt (SOHosMgo'^ + 6aq.) 
(reorystallized, if necessary), in ten parts of water. 

Haffnesia Mlxtare. — ^Dissolve 55 gms. of crystallized MarOIj in distilled 
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammonic 
hydrate, and make up to 1 litre. 

Ferrous Sulphate. — The commercial salt (SOHosFeo'' + 6 aq.), is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferrie Chloride,* FeaCle. — Prepared by dissolving freshly precipitated 
and well washed Fe^Hoe in pure HCl, keeping the ferric hydrate in excess. 
Allow to cool, dilute with an equal bulk of water and filter. 

Plumble Aeetate,* ({ qq / ^^' ' ^^'^^^^ ^® oommeixnal salt in ten 
parts of water. 

Arirentlc WItrate,* NOsA|;o. — Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
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AgOl. Filter off the oupric salt, and wasli thoroughly with hot wat-er ; transfer 
to a porcelain dish, and introduce clean strips of zinc. Collect the finely divided 
silver on a filter, wash thoroughly with hot water, acidulated with a little sul- 
phuric acid, and dissolve in dilute nitric acid. Evaporat-e the solution to dryness, 
and fuse the residue gently. Dissolve in twenty parts of water. 

Mereiirons Kitmte. — Dissolve the crystals of the commercial salt, 

isro 

j-Q^gjo'' + 2 aq., in 20 parts of cold water, acidulated with 1'2 part of nitric 
acid. Keep some metallic mercury in the filtered solution. 

Merenrlc Chloride, Hffds- — Dissolve the commercial corrosive suhlimate 
in twenty parts of water. 

If easier'! Bolatlon. — Dissolve 3*5 grms. of EI in 10 c.c. of water ; next 
dissolve 1*6 grm. of HffOla in 80 c.c. of water ; add the mercury solution gradu- 
sJljj and with continuous agitation to the solution of potassic iodide, until the 

Srecipitate ceases to he re-dissolved ; then add 60 c.c. of potassic hydrate and 
Iter. Keep in a small bottle, out of contact with ammonia fumes. 
This reagent is of great value for the detection of mere traces of ammonia. 

Caprie Sulphate. — The commercial salt (SOHojCuo'' + 4 aq.) is purified 
by repeated crystallisation. Dissolve the crystals in ten parts of water. 
Impurities. — Iron, zinc. 

Caprie Chloride, OuCl2. — ^Prepared by dissolving cupric oxide in HCl. 

Cuprous Chloride, 'Cti'3C12. — Obtained by digesting O11.CI3 with metallic 
copper and HCl. 

Stannous Chloride, SnClg. — ^Prepared by boiling pure granulated tin in 
concentrated HCl, with the aid of a piece of platinmn foil. Dilute with four 
volumes of water, acidulated with HCL Keep the filtered solution over granu> 
lated tin in a small stoppered bottle. 

Auric Chloride, AuClg. — Prepared by dissolving pure gold in aqoa regia, 
evaporating to dryness on a water-bath and dissolving in water. 

Platinle Chloride, PtCli- — Dissolve some platinum scraps in aqua regia. 
Precipitate with AmCl. CoUect precipitate on a Swedish filter-paper ; wash 
with strong alcohol ; dry and ignite in a porcelain crucible, gently at first, and 
lastly to intense redness. Bedissolve the spongy platinum in aqua regia. Evapo- 
rate repeatedly to dryness on a water-bath, with addition of HCl. Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely to pure 
alcohol. 

METALS AND OXIDES. 

Zinc, free from arsenic, granulated, and in the form of strips or sticks. 

Iron (steel) f copper, tin, lead, platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be obtained of sufficient purity for the purposes of 
qualitative analysis. 

Metallle Lead free from StlTer. — Prepared by precipitation of plumbic 
acetate by metallic zinc. 

Plumhic Dioxide, FbOj. — Beadily prepared by digesting red lead in 
boiling dilute nitric acid. The brown powder is well washed by decantation, and 
lastly on the filter. 

Mansanie Dioxide, IfnOs—Use the powdered commercial black oxide. 

Hydric Peroxide, OgH,, or H03. — ^A solution may be prepared by passing 
a current of carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated baric carbonate is filtered off. 
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^ • Beagents vsedfor Fusions amdfor Blowpipe Reactions, 

Sodlc Carbonate,* OONaos- — Should be free from sulphate and chloride. 

■ 

Fusion Mixture'* or White Flux. — Consisting of diy CONao^ and 
COK02, mixed in the proportion of their combining weights, ».e., 106 + 138, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 
Tcssels. 

BlctcJc Flux. — Prepared by igniting crystals of Mochelle salt (potassio sodio 

* tartrate) in a platinum crucible. The residue consists of carbon and alkaline 

carbonates. 

« 

Hydric Amnionic Sodic Phosphate,* POHoAmoNao + 8 aq. (Nicro- 

cosmic Salt). — ^The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into POjNao. 

Potassic Cyanide,* £0y. — Exceedingly useful for reducing metallio oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixture of equal parl-s of £Cy and OONaos (or fusion mixture), is preferable,, 
because it sinks readily into the charcoal and yields metallic globules of great 
purity. For the separation of Ni and Co the salt is dissolved, when required, in 
twenty parts of cold water, as its aqueous solution is rapidly decomposed. 

Potassic Nitrate,* XO3K0. — ^Used as, an oxidizing agent. The commer- 
cial salt should be purified by dissolving the crystals in hot water to a saturated 
solution, and allowing to cool in a porcelain dish with continuous stirring. The 
nitrate falls out first as a fine white powder, and the impurities, e.g.^ phosphate, 
sulphate, or chloride, are left in the mother-liquor. 

Potassic Chlorate,* \ oKo* — ^^^^ ^^^ ^^^ readily be obtained pure,t.6., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* B405Nao2 + 10 aq. — The crystals should be gently heated in a 
platinum crucible till the water of crystallisation has been driven off, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Bydric Potassic Sulphate, SO2H0K0. — Prepared by heating in a plati- 

* num dish 87 parts of normal potassio sulphate with 49 parts of pure sulphuric 
I acid, till the clear mass fuses steadily. Four out on a porcelain slab, and keep 

the lumps in a bottle. 

Cohaltous Nitrate, "Njdfioo", — Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of water. 

Vegetable Golouring Matters. — Test-papers. 

Litmus Solution. — Its preparation has been described in my Introduction to 
Inorganic Chemistry, p. 9. 

Turmeric Paper. — Prepared by digesting at a gentle heat one part of turmeric 
root with six parts of alcohol. Filter and soak stnps of porous paper with the 
yellow extract. The dried papers should exhibit a fine yellow tint. Like litmus- 
papers, they serve for the detection of free alkalies.' All test-papers should be 
kept in weU-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stirring four to six parts di fuming 
sulphuric acid into one part oi finely divided indigo, and allowing the mixture to 
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric add, 
chloric acid, and free chlorine, owing to the formation of products of oxidation of 
a yellow colour. 
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APPENDIX IV. 



(A.) EXAMINATION OP A SIMPLE SALT. 

Prbliminabt Examination fob Base. 

Substance given : white crystaUine, readily soluble in water, 

reaction of solution alkaline. 



Experiment. 


Obserration. 


Inference. 


Heated some of the pow- 
dered BTibstance in a dry 
test-tube. 

Treated residue with water, 
and filtered. Tested with 
litmus paper. 

Added dilute HCl. . 

Tested HOI extract on pla- 
tinum wire in a Bunsen's 
gas flame. 


Cbve of water j fused ; 
WAR slightly blackened ; 
gave off CO, bummg 
with a blue flame. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 

Efiervescence, whilst be- 
fore ignition the sub- 
stance did not eflervesce. 

Yiolet flame 


Oxalate, formate. 

Alkaline oxalate. 
Potassium. 



Examination op Solution for Base. 



Added HCl, 



No pp. Ab- 
, sence of 
Ghroup I. 



Added a solution of SH. to the same solution. 



No pp. Ab- 
sence of 
Group II. 



To a fresh portion of the solution added AmCl, 
AmHo, and SAm^. 



No pp. Ab- 
sence of 
Group III. 



To the same solution added OOAmog. 



No pp. Ab- 
sence of 
Group IV. 



The solution may con- 
tain — 

MsrO, OK2, ONas. 
Tested a fresh por- 
tion of solution spe- 
cially for £ by addmg 
HCl and FtCl4, yel- 
low crystalline preci- 
pitate. 

Presenee of K. 
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Preliminary Examination for Acid. 



Experiment. 



Treated a portion of the 
powdered substance with 
concentrated SO2H03. 

Passed gases into lime* 
water and applied a light 
to the unabsorbed gas. 



Observation. 



00 and OO3 giyen off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water ; gas burnt with 
blue flame. 



Inference. 



From decomposition of 
oxalate. 



Examination of Solution for Acid. 



Acidulated with 
HOL 


Acidulated with 
NOjHo. 


Acidulated with- qoHo 


No precipitates. 


No precipitates. 


OaClj a white p.p. 
SOaOao" „ 

Presence of { g^g^' 



Found Potassic Oxalate. 



(B.) EXAMINATION OF A COMPOUND SUBSTANCE. 

Preliminary Examination for Bases. 

Compound given : a dirty white powder. 



Experiment. 



Observation. 



Inference. 



Heated some of the pow- 
dered substance in a dry 
test* tube. 



Heated a portion of the 
substance, mixed with 
OONaoj, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Substance fused. Gtiye 
heayj white fumes, 
which condensed in the 
upper part of the tube. 

Qfive off reddish-brown 
fumes and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

NHg given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Compounds of Am, 
Hg, As, etc. 



From decomposition of 
nitrates of Fb, Bi, 
etc. 



Am and Hg com- 
pounds. 

Pb. 



Alkaline earthy bases. 
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Examination of Solution for Bases. 

Substance dissolved partly in water, partly in HCl, with evolution 
of CO2. On mixing the two solutions, acicular crystals of 
PbCla fell out. Filtered off. Confirmed presence of lead by 
means of Cr02Ko3 or S02Hoa. 



Passed a current of SH3. 



A black pp. 



Eraporated filtrate to dryness, with a few drops of NOsHo. 
Took up with dilute HC3.. Added AmCl, AmHo, and SAmj. 



No pp. 

Absence of Group III. 



To the same solution added OOAmOf. 



A white pp. 



On evaporating filtrate to 

dryness, and igniting, 

no fixed residue was 

left. 

Absence of My, K, Na, 



Examination op Precipitate produced in Group II. 



Washed precipitate till free from HOI, and boiled with SAnis. 



Besidue. — Boiled with NO3H0. Diluted with OH3, and 
added dilute SOjHos and methylated spirit. Filtered. 



Besidue. — Boiled in amnionic acetate, 
and filtered. 



Beeidue. — Dried and 
ignited in a bulb- 
tube, with dry 
OONaOj. Metallic 
mirror and glo- 
bules. • Presence 
of HV. 



Solution.— Added 
OrOsKog, yel- 
low precipitate. 
Presence of 
Pb. 



Solution. — SHj ad- 
ded to a portion 
of solution gaye no 
precipitate. Ab- 
sence of Bl, Gn, 
Gd. 



Solution. — Acidu- 
lated with dilute 
HOI. No yellow 
precipitate. Ab- 
sence of A8» 8b» 
and Bn. 



Examination of Precipitate produced in Group IV. 



Dissolved precipitate in a little dilute HOI. Tested a portion of the solution 
with SOjOao'^no precipitate, eyen after some time. Absence of Ba and 8r. 
Confirmed presence of Oa by adding to another portion of the solution AmHo 

and { 2n A ^- ^ ^1"*« precipitate. Presence of Ca. 



\ OOAmo* 
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Pbelihinabt Examination fob Acids, 



Experiment. 


Observation. 


Inference. 


Treated with dilate HCl. 

GDreated with concentrated 

SOsHos. 
Confirmed HCl by heating 

Bubstance with KnOs 

and SO^Hos. 
Ditto KO2H0 by meanfl of 
SOaHoa and SOjFeo". 


Effervescence. The gas 
precipitated lime-water. 
CI and nitrous fumes. 

Chlorine evolved. 

A brown ring was formed. 


OO3. 

HCl and NO3H0. 

HCl. 

NOjHo. 



/ 



Examination of Solution fob Acids. 



Prepared solation by boiling some of the powder with a solation of 

CONaoj; filtered, and acidulated with — 



HCl. 


NOjHo. 


/OH3 
1 COHo- 


Neutral solution. 


No precipitates. 


KOjAgo, white curdy 
p.p., soluble in 
AmHo. Presence 
of HCl. 


No precipitates. 


No precipitates. 



Found — xBases : HgrO, FbO, OaO, OAmj. 
Acids : OO3, NO2H0, HCl. 
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Acetic acid 168, 159 

„ distinction from formic 

acid.... .... .... 159 

„ ether 161 

Acetone 159 

Acids, inorganic, reactions of .... 104 

„ organic, constitution of .... 157 
„ action of heat npon 157 

„ reactions of .... 156 

After-damp 160 

Agate .... .... .... .... 139 

Alabaster 16 

Albite 8, 47 

Albnmen, a reagent for phospho- 
ric acids 137 

Alkali metals, gronp of 7 

» ' rare ^ 204 

Alkalies, detection of in alumin- 
ous minerals 47 

Alkalies, detection of in silicates 141 

Alkaline earthy metals 13 

Alloy, definition of ..... .... 68 

Alum, common 46 

Alumina 45 

Aluminium salts 46 

„ reactions of .... 45 
Alaminium minerals, decomposi- 
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Alumstone 8 

Amalgamation of ores .... .... 68 

Amalgams 57 

Ammonia-gas, detection of .... 10 
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Ammonium salts, decomposition 
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„ „ reactions of .... 9 
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Analytical classification of the 
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Anatase 215 
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Antichlor 110 
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pounds, distinction between .... 77 
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Antimony salts 74 

„ „ reactions of .... 74 

„ „ native 74 

„ nickel 21 

„ glance 21 

„ separation from arsenic 86 
„ separation from arsenio 

and tin 92 

Apparatus, chemical for analysis 2 

Apatite 16, 134 

Aragonite 16 

Arbor Dianse 97 

Arborescence 97 

Arbor Saturni 100 

Argentic salts 94 

Argentiferous fehl ore 95 

„ galena 96 

Argol .... 166 

Arseniates 78 

Arsenic, salts of 78 

„ reactions of 79 

„ separation from anti- 
mony 86 

„ acid, .... .... .... 79 

Arsenical nickel 21, 78 

„ pyrites 78 

Arsenides 78 

Arsenio-molybdate 230 

Arsenious acid 79 

„. and arsenic oxide, dis- 
tinction between ^ 81 

Assay lead 95 

Azurite 63 
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Barium .... 

„ reactions of 



13 
13 



„ distinction firom stron- 
tium 15, 134 

„ occurrence in nature .... 13 

Baryto-caldte 16 

Bell metal ore (tin pyrites) .... 71 

Benzoic acid 162 
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„ reactions of 61 

„ glance 61 

„ ochre.... .... .... 61 

Black band 32 

„ flux 71, 165, 241 

„ Jack .... .... .... 30 

„ oxide of manganese .... 29 

Bleaching powder .... 110, 121 

Blende 30 

Blue copper, or indigo copper .... 63 

„ Prussian 36, 149, 151 

„ Turnbull's 35, 153 

„ vitriol .... .... .... 63 

Bone-ash or bone-earth.... 16, 134 

Boracite 11 

Borates 142 

Boric acid, reactions of 142 
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Chromates 42 
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Chromium, reactions of. 40 

Cinnabar 57 
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Classification of the metals, ana- 
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Clay ironstone 32 
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Cobalt, separation from nickel .... 24 
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Cobalticyanogen .... .... 146 

Columbite 216 

Ciompoand organic radicals .... 156 

„ radicals 147 

Copper, reactions of 63 
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nickel 21,78 
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Ferrous compounds, reactions of 35 
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Fluoborates 144 
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Fluorine, detection of in silicates 183 
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„ „ distinction of from 

acetic acid 159 
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Galvanized iron 32 

General reagents 12 
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„ extraction of. 208 
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„ method of assaying .... 88 
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Grey antimony 74 

„ nickel ore 21,78 
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C. Z. Bloxam 

CHEMISTRY, INORGANIC and ORGANIC: 

With Experiments. By Charles L. Bloxam, Professor of Chemistry in 
King's College, London ; Professor of Chemistry in the Department for 
" Artillery Studies, Woolwich. Third Edition. With 295 Engravings. 

[8vo, 1 6s. 



« * 

* 



It has been the author's endeavour to produce a Treatise on Chemistry sufficiently 
comprehensive for those studying the science as a branch of general education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for the more advanced 
work placed in his hands by the professor. The special attention devoted to Metallurgy 
and some other branches of Applied Chemistry renders the work especially useful to those 
who are being educated for employment in manufacture. 



'* Professor Bloxam has given us a most 
excellent and useful practical treatise. His 
666 pages are crowded with facts and expe- 
riments, nearly all well chosen, and many 
quite new, even to scientific men. . . It 



is astonishing how much information he often 
conveys in a few paragraphs. We might 
quote fifty instances of this." — Chemical 

News. 



By ilie same Author 

LABORATORY TEACHING: Or, Progressive Exercises in 

Practical Chemistry, with Analytical Tables. Third Edition. With 89 
Engravings ..... Crown 8vo, 5 s. 6d. 



• * 



This work is intended for use in the chemical laboratory by those who are com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after twenty- three years' experience as a teacher in the laboratory. 
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Albert J, Be mays 
NOTES FOR STUDENTS IN CHEMISTRY: Being a 

Syllabus of Chemistry and Practical Chemistry. By Albert J. Bern ays, 
Professor of Chemistry at St. Thomas's Hospital. Fifth Edition. 

[Fcap 8vo, 3s. 6d. 

*i»* A new feature is an Appendix giving the doses of the chief chemical preparations 
of the "Materia Medica." 



* * The newr notation and nomenclature are 
now exclusively used. We notice additional 
notes in apparently every paragraph in the 



book, and a close revision of the whole.'* — 
Scientific Opinion, 



John E. Bowman and C, L, Bloxam 

PRACTICAL CHEMISTRY, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Sixth Edition. Wiih 98 
Engravings .... Fcap 8vo, 6s. 6d. 

%* The intention of this work is to furnish to the beginner a text -book of the prac- 
tical mimitia; of the laboratory. The various processes employed in analysis, or which 
have been devised for the illustration of the principles of the science, are explained in lan- 
guage as simple as possible. This edition has been' embellished with a large number of 
additional wood engravings from sketches made in the laboratory. 



J, Campbell Brown , 

ANALYTICAL TABLES for STUDENTS of PRACTICAL 
CHEMISTRY. By J. Campbell Brown, D.Sc. Lend., F.C.S. 

[8vo, 2s. 6d. 


Frank Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, B. Sc. Lond., F.C.S. 
Lond. and Berlin, Science Master at Queenwood College. With 46 
Engravings .... Crown 8vo, 7s. 6d. 

*^* This work is an Elementary Treatise specially §idapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 

f 
G, Fownes * 

A MANUAL OF ELEMENTARY CHEMISTRY, 

Theoretical and Practical. By G. Fownes, F.R.S. Edited by Henry Watts, 
B.A., F.R.S. Eleventh Edition. With 163 Engravings. Crown 8vo, 15s. 



Remigins Fresemus 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Eighth Edition, with Coloured Plate of Spectra 
and 47 Engravings ... * 8vo, 12s. 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

Sixth Edition (reprinted from the Fourth), vjrith 186 Engravin^js. 8vo, i8s. 
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Robert Galloway 

THE FIRST STEP IN CHEMISTRY: A New Method for 
Teaching the Elements of the Science. By Robert Galloway, Professor 
of Applied Chemistry in the Royal College of Science for Ireland. Fourth 
Edition, with Engravings . . . Fcap 8vo, 6s. 6d. 

By the same Author 

THE SECOND STEP IN CHEMISTRY: or, the Student's 
Guide to the Higher Branches of the Science. With Engravings. 

[Fcap 8vo, 103. 
Also 

A MANUAL OF, QUALITATIVE ANALYSIS. 

Fifth Edition, with Engravings . . Post 8vo, 8s. 6d. 

Also 

CHEMICAL TABLES: On Five large Sheets, for School and 
Lecture Rooms. Second Edition . . The Set, 4s. 6d. 



•* We can always give praise to Mr. Gal- 
loway's educational works. They are inva- 
ri ilily writtea on a system and founded on 
experience, and the teaching is clear, and 
in general complete." — Chemical News, 



** Mr. Galloway has done much to simplify 
the study of chemistry hy the infltructive 
manner in which he places the principal 
details of the science before his readers.'' 
— British Medical youmaL 



T, Griffiths 

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer, 

Autumn, Winter. By T. Griffiths. Second Edition, with Engravings. 

[Fcap 8vo, 7s. 6d. 

U. J, Kay-Shuttieworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By U. J. Kay-Shuttleworth, M.P. Second Edition. Crown 8vo, 4s. 6d. 

" We can recommend the book." — 
Aihenaum, 



•* Deserving warmest commendation."-^ 
Popular Science Rev, 



Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure applied 
to Liquids, Solids, and Gases. By Francis Sutton, F.C.S., Norwich/ 
Third Edition. With Engravings . . 8vo. In the Press 

*»* This work is adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 
the Valuation of Sul»tances used in Commerce, Agriculture, and the Arts. 

<*Mr. Sutton has rendered an essential service by the compilation of his work.'*— 
Chemical New9, 
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IV, G, Valentin 

INTRODUCTION TO INORGANIC CHEMISTRY. By 
Wm. G. Valentin, F.C.S., Principal Demonstrator of Practical Che- 
mistry in the Royal School of Mines and Science Training Schools, 
South Kensington. With 82 Engravings .... 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. Third Edition. 
With 19 Engravings 8vo, 7s. 6d. 

Also 

TABLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper . . . 8vo, 2s. 6d. 



Edward Frankland 

HOW TO TEACH CHEMISTRY: Hints to Science 

Teachers and Students. Six Lectures delivered at the Royal College of 
Chemistry by Edward Frankland, D.C.L., F.R.S., Summarised and 
Edited by George Chaloner, F.C.S. With 47 Engravings. 

[Crown 8vo, 3s. 6d. 

R, Wagner and JV. Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 

Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 

University of Wurtzburg. Translated and Edited from the Eighth German 

Edition, with Extensive Additions, by William Crookes, F.R.S. With 

336 Engravings ....... 8vo, 25s. 

*^ The design of this work is to show the application of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — i. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 

"Full and exact in its information on 



almost every ^omV*— Engineer, 

*' This book will permanently take its 
place among our manuals." — Nature. 



** Mr. Crookes deserves praise, not only 
for the excellence of his translation, but 
also for the original matter he has added." 
— Ameiican Journal of Science and Arts, 



C. D. F. Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 

*' It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Mcdica. ^'*— Practitioner, 
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J". Forbes Royle and John Harley 

A MANUAL OF MATERIA MEDICA. By J. Forbes 

Royle, M.D., F.R.S., and John Harley, M.D. Sixth Edition, with 
numerous Engravings . . . ' . . Crown 8vo, In the Press 



' 'This Manual is, to our minds, unrivalled 
in any language for condensation, accuracy. 



and completeness of information." — British 
Medical Jotirnal. 



J, C Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lend., Lecturer on Materia Medica at the Middlesex 
Hospital. With Engravings . . . Fcap 8vo, 6s. 6d. 

** Students can hardly hope for a more serviceable text-book." — Practitioner, 



Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTICS. By Adolphe Wahltuch, M.D. . . . 8vo, 15s. 

*^* The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts :— (i) T^e 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics; (4) Form and Doses; (5) Preparations ; (6) Prescriptions. 
Other matter elucidatory of the Pharmacopoeia is added to the work. 

** A very handy book." — Lancet, 



R. V. Tuson 

COOLEY'S CYCLOPAEDIA OF PRACTICAL 

RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised and partly Rewritten by 
Professor Richard V. Tuson, F.C.S., assisted by several Scientific 
Contributors . . . . . Svo, 28s. 



**A much improved edition. . . . 
Long recognised as a general book of re- 
ference. " — Times, 

'* The book is of considerable value for 
household use, as well as professional pur- 
poses, for it contains a quantity of interest- 
ing information relating to the composition 



of articles in common use as food and 
medicine." — Pall Aj all Gazette. 

"Other of the articles, as on * brewing,' 
'bread,' etc., are specimens of what cyclo- 
paedic writing should be, being concise and 
thoroughly exhaustive of the practical por- 
tion of the subiect." — Veterinarian, 
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IV. Southall 
THE ORGANIC MATERIA MEDICA OF THE BRITISH 

PHARMACOPCEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of the Remedies contained in the Indian and United 
States Pharmacopoeias. By W. Southall, F.L.S. . Post 8vo, 2s. 6d. 



J. B. Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 
SECOND EXAMINATIONS. By John Barker Smith. Second 
Edition Crown Svo^ 6s. 6d. 

first and second examinations 
Latin Grammar—Fractions — Metric System — Materia Medica — Botany 

— Pharmacy— Chemistry — Prescriptions. 



John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By Johi«J 
Steggall, M.D. Third Edition i8mo, 3s. 6d. 



contents 



Notes on the British Pharmacopoeia, the 
Substances arranged alphabetically. 

Table of Preparations, containing Opium, 
Antimony, Mercury, and Arsenic 

Classification of Plants. 



Thermometers. 
Specific Gravity, 
^^eights and Measures. 
Questions on Pharmaceutical Chemistry 
and Materia Medica. 



Peter Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA. 

With Practical Hints on Prescribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Pharmaceutical Society. 
Tenth Edition 8vo, los. 6d. 

By the same Author 
PHARMACOPOEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s. 

*^^* Mr. Squire has collected all the Formulae used in twenty-two of the principal 
Hospitals of London, and arranged them in groups of mixtures, gargles, &c., &c. These 
Formulae were revised and approved by the medical staff of each of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. 
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J, Birkbeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH 
PHARMACOPCEIA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical School. Third 
Edition, Revised and Enlarged .... Royal 32010, 3s. 6d. 



THE PRESCRIBER'S PHARMACOPOEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d 

JoHathati Pereira 
SELECTA E PRiESCRIPTIS : Containing Lists of the Term^, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 



Henry Beasley 

THE POCKET FORMULARY AND SYNOPSIS 

OF THE BRITISH AND FOREIGN PHARMACOPCEIAS : Compris- 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[i8mo, 6s. 
By the same Author 

THE DRUGGIST'S GENERAL RECEIPT-BOOK: 

Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists' Nostrums, 
&c. ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables.- Seventh Edition .... i8mo, 6s. 

Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,000 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. Fourth Edition . . . i8mo, 6s. 

"Mr. Beasley's 'Pocket Formulary,' reference admirably suited for the dispens- 
• Druggist's Receipt-Book,' and * Book of Ing desk."— Ci4<wfw/ and Druggist, 
Prescriptions' form a compact library of 
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Alfred S. Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. Taylor, M.D., F.R.S., 
Professor of Medical Jurisprudence to Guy's Hospital. Third Edition, with 
104 Engravings . . . . . . . . Crown 8vo, i6s. 

-0 

F, H. Lescher 

AN INTRODUCTION to the ELEMENTS of PHARMACY. 

By F. Harwood Lescher. Fifth Edition . . 8vo. In the Press. 

Sec. I. Materia Medica ; II. Botany ; III. Chemistry ; IV. Pharmacy ; 

V. Prescriptions ; VI. Practical Dispensing. 



B. S. Proctor 

LECTURES ON PRACTICAL PHARMACY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Engravings . • 8vo, 12s. 

contents 

Drying— Comminution— Solution —Crystallisation— Precipitation— Diffusion in Liquids^ 
Dialysis, Osmosis, &c» — Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation— Official Pharmacy — Official Liquors or Solu- 
tions— Official Infusions and Decoctions — Extracts — Spirits, Tinctares, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c.. Crystallised, Precipitated^ Scaled, or Granulated — ■ 
Complex Processes — Dispensing — Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c.— Qualitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia— Pharmacy of Special Drugs. 

** A good specimen of a treatise on Chemistry as applied to a special art.*' — Chemical 
News. 



William Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 

Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
far the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition .... Sheet, 2s. ; Roller, ss. 



G» C Wittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY: An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
meiktSi By Dr. G. C. Wittstein. Translated from the Second German 
Edition by Stephen Darby i8mo, 6s. 

** It would be impossible too strongly to recommend this woik to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry.'* — From the Introduction by Dr, Buchner, 
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THE PHARMACEUTICAL JOURNAL AND TRANSAC- 
TIONS. Published weekly . Price 4d. 



THE YEAR-BOOK, 0I\ PHARMACY: Containing the 

Proceedings at the Yearjy Meeting of the British . Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy,, which includer notice^ 
of all pharmaceutical Papers, new Processes, Preparations, and < ]l^ormulae 
published throughout the world. Published annuully. 

[8vo, 1870, '71, '72, 7s. 6d. each ; 1873, '74, los. each 



R, V. Tuson 

A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. TusON, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition 7s. 6d« 



** Not only practitioners and students of 
veterinary medicine, but chemists and 
druggists will find that this book supplies a 



want in veterinary literature." — Chemist 
and Druggist, 



Robert Bentley 

A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.LS., Professor of Botany, King's College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Engravings. Crown 8vo, 14s. 

"As the standard manual of botany its position is undisputed.'* — Chemist and 
Druggist, 

Robert Bentley and Henry Trimen 
MEDICINAL PLANTS: being Figures with accompanying 
Botanical Descriptions, and an Account of the Properties and Uses of the 
Principal Plants employed in Medicine. By Robert Bentley, F.L.S., 
Professor of Botany in King's College, and to the Pharmaceutical Society ; 
and Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary's 
Hospital Medical School. Part I., containing 8 Plates, large 8vo, 5s. (on 

October i). 

*^ A Prospectus and Specimen Plate will be sent on application. 



F, Kohlrausch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 

With Appendices', on Absolute Electrical Meaaurement, . etc. By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T. H. 
Waller, B.A., B. Sc, and H. R. Procter, F.C.S. With Engravings. 

[8V0, I2S. 



xii Messrs Churchill's Scientific Works 



W, B, Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 
Engravings . . Crown 8 vo, 15 s. 

*«* The author has aimed to comhine within a moderate <:onipass that infonnation in 
regsird to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him. to benefit science, 
whilst expanding and refreshing his own mind. 



J. H, Martin 

A MANUAL OF MICROSCOPIC MOUNTING ; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects,'* With upwards of 100 Engravings. 

[8vo, 7$. 6d. 

*«• The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic moimting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 



THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Assistant- 
Physician at St. Thomas's Hospital; E. Ray Lankester, Professor of 
Zoology and Comparative Anatomy in University College, London ; and 
W. T. Thiselton Dyer, Professor of Botany to the Royal Horticultural 
Society • . Annual Subscription, i6s. ; Single Numbers, 4s. 

. %* The Memoirs are, when needful, illustrated by Lithographic Plates, many of whic" 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 



J. Fayrer 

THE THANATOPHIDIA OF INDIA ; being a Description 

of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments . By 
J. Fayrer, M.D., C.S.I., Honorary Physician to the Queen ; late President 
of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 
Coloured) . . Folio, 7/. 7s. 

By the same Author 

THE ROYAL TIGER OF BENGAL: His Life and Death. 

With Map and Engravings . . * . . • . Crown 8vo, 55. 



y 
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A. Chauveau and G, Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of " Travels on Horseback in Mantchu Tartary," 
" Horse-shoes and Horse-shoeing," " Animal Plagues," etc. With 450 
Engravings . . . . . 8vo, ;^i lis. 6d. 

** Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
MammrJia. . . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his vroiV.''*— Medico- Chinirgical Revieiu, 



Jl H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 

ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings. . . . ' . [Fcap 8vo, I2s. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 
With Engravings . 8vo, 6s. 

S. Messenger Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 61 
Engravings Post 8vo, 6s. 6d. 

W, M. Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 

a Course of Lectures delivered at St. Thomas's Hospital By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School • . • . • Crown 8vo, 5s. 



''Compact, lucid, and well arranged. 
These Notes will, if well used, be valuable 
to learners, perhaps still more so to 
teachers. " — Nature. 



* * We have gone through it carefully, and 
we are thoroughly satisfi^ with the manner 
in which the author has discharged his task." 
— Fop, Science /Review, 



I 



IV. Whalley 

THE HUMAN EYE, WITH REMARKS ON THE EYES 

OF INFERIOR ANIMALS : A Popular Description. By W. Whalley, 

• M.R.C.S. With 40 Engravings . . . Fcap 8vo, 3s. 
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John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., fi.A. Lond. With 
numerous Engravings . . . . " . . . Fcap 8vo, 5s. 6d. 

VESTIGES of the NATURAL HISTORY OF CREATION. 
With 100 Engravings. Eleventh Edition . , Post 8vo, 7s. 6d. 



t7. Reay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 

Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
History in the Queen's University in Ireland. Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished , .12s. 6d. 
*^* These Tables have been carefully prepared in accordance with the present state of 

science, and with a view to remove the difficulties which arise from the* various opinions 

held by different zoologists. 



Andre'iu Wilson 

THE STUDENT'S GUIDE TO ZOOLOGY: 

A Manual of the Principles of Zoological Science. By Andrew Wilson, 

Author of *• Elements of Zoology," and Lecturer on Zoology, Edinburgh. 

With Engravings . Fcap 8vo, 6s. 

** It is alike lucid and well arranged." — Med. Times and Gaz, 

** Really a good book, well and clearly written." — Edin. Med. Jour, 

** A trustworthy guide." — Lancet, 

"The illustrations are clear, and the whole work is elegant and compact." — Med. 
Chir. Rev, x ' 



R, Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By ROBLEY 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal 8vo (1,130 pp.), 28s. 

* ^* The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority. 
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/?. G» May fie and J. Mayne 

MEDICAL VOCABULARY : being an Explanation of all 
Names and Phrases used in the various departments of Medical Science 
and Practice, giving their Derivation, Meaning, Application, and Pro- 
nunciation. Fourth Edition . . . Fcap 8vo, los. 



** We have referred to this work hundreds 
of times, and have always obtained the in- 
formation we required . • . Chemical, 



Botanical, and Pharmaceutical Terms are 
to be found on almost every page." — 
Chemist and Druqgist. 



G, Dawson 

A MANUAL OF PHOTOGRAPHY. By , George 

Dawson, M.A., Ph. D., Lecturer on Photography in King's College, London. 



Eighth Edition, with Engravings 

"The new edition of this excellent 
manual, which is founded on and incorpo- 
rates as much of Hardwich*s * Photographic 
Chemistry' ais is valuable in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 
for amateurs, as well as professionals. The 



Fcap 8vo, 5s. 6d. 

many new methods and materials which 
are so frequently being introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
—NaUtrCy May 29, 1873. 



Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with numerous Engravings. 

[Crown 8vo, 6s. 6d. 

*^* Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio— Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 



" In these days, when nearly every intel- 
ligent person can, after a few weeks, master 
the manipulatory details of our art-science, 
attendon to the artistic treatment of sub- 
jects is a matter for the serious considera- 
tion of the Photographer ; and to those who 



desire to enter on this path, Mr. Lake 
Price, in the volume before us, proves 
himself to be 'a guide, philosopher, and 
friend.* " — TAe British yournal of Photo- 
graphy. 



C Brooke 

THE ELEMENTS OF ^NATURAL PHILOSOPHY. By 

Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 

Dr. GOLDING Bird. Sixth Edition, with 700 Engravings. 

o [Fcap. 8vo, I2S. 6d. 

G, P, Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Engravings. 

[Fcap 8vo, 5s. 



" As an introductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quite the best one we have seen . . The 
* Notes * chiefly consist of lucid an<l con- 
cise definitions, and everywhere bristle with 



the derivations of scientific terms," — 
Nature. 

** A well-arranged and carefully-written 
condensation ot the leading facts and prin- 
ciples of the chief elements of Natural 
Philosophy/' — Chemical Ncivs. 
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The following Catalogues issued by Messrs Churchill 
will be forwarded post free on application: 

1. Messrs ChurchilVs General List of nearly 600 works on 

Medicine^ Surgery ^ Midwifery y Materia Medica, Hygiene, 
Anatomy y Physiology , Chemistry , &c,y &c,y with a complete 
Index to their Titles for easy reference. N,B. This List 
incltides Nos, 2 and 3. 

2. Selection from Messrs ChurchilVs General List, comprising 

all recent works publisJted by them on the Art and Science* 
of Medicine, 

3. A Selected and Descriptive List of Messrs ChurchilVs works 

on Chemistry^ Materia Medica, Pharmacy, Botany, Photo- 
graphy. The Microscope, and other branches of Science. 

4. Messrs ChurchilVs Red-Letter List, giving the Titles of 

forthcoming New Works and New Editions, 

[Published every October.] 

5. The Medical Intelligencer, an Annual List of New Works 

and Nezv Editions published by Messrs J, & A, Churchill, 
togetlier with Particulars of the Periodicals issued from 
their House, 

[Sent at the commencement of each year to every Medical Practitioner in 
the United Kingdom whose name and address can be ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 



Messrs CHURCHILL have a special arrangement with Messrs 
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which that Finn acts as their Agents for the United States of America, 
either keeping in Stock most of Messrs Churchill's Books, or reprinting 
them on Terms advantageous to Authors. Many of the Works in this 
Catalogue may therefore be easily obtained in America. 

M^Gffwan &* Co,, PrinterSt Great Windmill Strea, ffavf^' kei. 



